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HABITAT SELECTION OF LA CERTA VIVIPARA IN A LOWLAND ENVIRONMENT 

H. STRJJBOSCJ-l 

Depl. of Animal Ecolog1·. Ca1holic Universi!J'. Toemooive/d, 6525 ED Nijmegen, The Netherlands. 

(Acapled 13.1.87) 

ABSTRACT 

The habitat selection of Lacerra vivipara was studied in an area of inland dunes by comparing the relative 
occurrence of individuals with the relative presence of a number of potential habitats. Habitats with a strong spatial 
heterogeneity were clearly preferred, no matter whether they were humid or dry. The microhabitat of this lizard was 
always there where good possibiliiies for thermoregulatory behaviour were present within a very limited area. No 
differences in habitat selection were found for the age classes and sexes. 

INTRODUCTfON 

Lacerta vivipara has an enormous distribution area 
which stretches from nothern Spain and the Balkan 
peninsula to Arctic Scandinavia and from Ireland to 
the Pacific coast of Siberia. Many authors have already 
said something of the habitat selection by this animal. 
In general only macrohabitat seleciion is mentioned, 
however. In the southern parts of the area this species 
seems mainly montane, having a strong preference for 
humid or even wet habitats (e.g. Palaus, 1974 ; 
Andrada, 1 980; Salvador, 1 985; Li vet & Sons, 1 98 l; 
Bruno & Maugeri, 1 976; Radovanovic, 1964). In more 
northern regions this species also occurs in lowlands 
and there is can be found in a very wide range of 
habitats, from very humid to rather dry and from very 
open places to densely grown woods (e.g. Smith, 1 97 3 ;  
Arnold, Burton & Ovenden, 1 978; Street, 1 979 ;  van de 
Bund, 1 964; Bergmans & Zuiderwijk, 1 986; 
Frommhold, 1 959; Blab, 1 980; Nikol'skii, 1 963 ;  
Terent'ev, 1 965) .  Only few authors describe the 
habitats to such extent that conclusions about 
microhabitat can be drawn (Castroviejo, Castroviejo 
& Salvador, 1 970; Gland!, 1 976; Parent, 1979,  1 984; 
Haslewood, 1 98 1 ;  Pilorge & Xavier, 1 98 1 ;  Heulin, 
1 985) .  The overall conclusion that can be drawn from 
these descriptions is that L. vivipara prefers the drier 
spots in humid environments, the more open spots in 
densely vegetated regions and the more shady spots in 
open habitats. 

In the years 1 976- 1 98 1  we studied L. vivipara in a 
lowland environment near Nijmegen in the Nether­
lands. It is the only lizard species occurring there, 
precluding interference from other lizards. 

STUDY AREA 

This study was made in the reserve 'Overasseltse & 
Hatertse Vennen' at 5° 48' E. Long., 5 1 °  48' N.Lat. in 
the Netherlands. The reserve is part of the ridge of 
inland dunes on the eastern and north-eastern Maas 
border (cf. Strijbosch, 1 982). About 2/3 of this reserve 

consist of woodland. The original forest type was oak­
birch wood, but since the beginning of this century 
nearly 90 per cent of this forest type has been replaced 
by pine plantations. The remainder of the area consists 
of more open habitats: dry heathlands with some 
patches of open drift sand, humid heathlands with a 
great number of moorland pools and finally also 
cultivated lands. These are mainly grasslands but 
locally there are also arable fields. The pools in the 
cultivated part are eutrophic. Jn order to carry out the 
study described here we selected an area of 1 2  ha in 
which all macrohabitats of this region were represented 
viz.: some undisturbed small moorland pools, one 
eutrophic pool, a patch of peat-bog, some small 
deciduous woods and coppice strips, pine woods, some 
dry dune tops, dry and humid grasslands, fields arid 
even a farmstead and its yard. 

METHODS 

During the years of study the study area was visited 
by one or two persons on nearly every day on which 
lizard activity might be expected. When visiting we 
tried to search all parts of the area with equal intensity. 
The lizards found were divided into three age classes 
viz.: juveniles (born in the running calendar year), 
subadults (born in the previous calendar year) and 
adults (at least in their third season). The adults were 
subdivided into �d'and ��.Every observation spot was 
accurately noted by means of coordinates (accuracy I 
metre). A vegetation map of the total study area was 
made (scale 1 :500) ,  on which 1 2  macrohabitats were 
distinguished. Maps I :200 were drawn of five parts of 
this area in which lizards proved to occur in greater 
densities. These maps show trees, shrubs, bigger plants 
and other structures individually. By plotting the first 
3500 sightings on the 1 : 500 map we established the 
macro habitat selection. Now two types of macrohabitat 
proved to be highly preferred and we investigated the 
micro habitat selection in these two types with the help 
of the 1 :200 maps, by plotting the first 1 500 sightings of 
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a b c d e g h k 

m2 1 1 014 6530 1 296 5692 6820 70 1 4  36476 3556 9084 9646 13606 9266 

% 9. 1 8  5 .44 1 .08 4 .74 5.68 5 .85 30.40 2.96 7 .57 8 .04 11.34 7.72 

n 1 532 30 18  33 JO 27 1 6  1833 

% 43 .77 0 .86 0.5 1 0.94 0.03 0.29 0.77 0.46 52.37 

HP 0.0 8.0 0.8 0.0 0.1 0.2 0.001 0. 1 0.0 0. I 0.04 6 .8  

TABLE I :  Macrohabitat selection of Lacer/a vivipara in an  area of inland dunes (area= I 2 ha ,  sightings= 3500). a= high and dense 
pine plantations. b = border zones of oligotrophic moorland pools. c =peat bog and floating Sphagnum mats. d =open water. 
e = border zones of eutrophic pools. f =Sa/ix and A /nus coppice. g =pastures. h =roads, paths and farm yards. i =arable fields. 
j =deciduous forest and coppice strips. k =open, dry grasslands and abandoned fields. I =dune tops with open, dry grassland, 
heather, broom and isolated small trees. 

each. We now calculated the total  area of al l  the 
various habitats.  For isolated trees or shrubs we took 
as area the vertical projection of thei r  fol iage 
circumference. A s  a standard of preference for a 
certain habitat (habitat preference =H P )  we used the 
quotient of the relative part of the  s ightings wit h in  that 
habitat and the relative area of that habitat,  in the 
formula: 

H P  1 = % s ightings in H 1 
% area of H1 

R ESULTS 

Table I s hows a survey of the macrohabitat 
selection. The h igh, dense pine woods, the corn fields 
and the open water are clearly total ly avoided. The 
intensely trodden pastures are hardly selected. It is 
striking that t hose habitats that are neither very dense 
nor very open are preferred. They may be rather humid 
or even wet or rather dry. The com m on characterist ic  
of t hese macrohabitats i s  that t hey have a great 
variation within a l imited distance in open and closed 

:\nr::t:\:?· · 
. 

a b c d 

m2 1 562 350 192 1 42 

% 23.9 5 .4 2.9 2.2 

n 4 1 2  

% 0.3 0 .8  

HP 0.0 0.0 0. 1 0.4 

spots ( spatial heterogeneity). The habitats that are not 
or scarcely used are somet imes traversed during 
m igrat ions, even the open water. This could be 
established by marking the animals after captl!re and 
we found once that one l i zard, marked on a bog is land 
in a pool , was recapt ured some days later on the pool 
border. Thus it  also appeared that some individuals 
t raversed pastures. These m igrat ions apparent ly 
happen in such a short t ime span t hat the chance of 
sighting the animal during such a m igration is very 
slight. 

Table 2 gives a survey of the microhabitat select ion 
within the macrohabitat 'border zone of moorland 
pools ' .  I t  should be borne i n  mind , when considering 
the diagra ms of t he tables, that the order of 
microhabitats does not necessarily reflect their real 
distribution on the ground; in real ity they are often 
intermingled. Open patches of Molinia caerulea which 
are not regularly inundated are dist inctly preferred, 
especial ly i f  isolated t rees are present .  Then the b irches 
are clearly preferred to the pine trees. 

e f g h 

920 1460 1 1 16 1 44 544 

14. l 22.4 17.1 3 .7  8 .3  

50 336 376 1 02 620 

3 . 3  22.3 25 . l 6.8 4 1 . 3 

0.2 1 .0 1.5 1 .8 5 .0 

TABLE 2: M icrohabitat selection of Lacerta vivipara in border zones of oligotrophic moorland pools (area = 6530m2, 
sightings = 1500). a = open water. b = border zone vegetation, always inundated (mainly Phragmires). c = border zone 
vegetation, frequently inundated ( mainly Juncus effusus). d =open willow groves (Sa/ix cinerea). e =open Molinia-Sphagnum 
vegetation, frequently inundated. f =dense Molinia vegetation, rarely inundated. g =open Molinia vegetation with Erica retralix, 
Andromeda po/ifolia and Oxycoccus palustris. h =isolated, small Pinus sy/vestris in Mo/inia vegetation. i =isolated, small Betu/a 
trees in open Molinia-Erica vegetation. 
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a b c d e g h k 

m2 310 512 29 77 130 74 166 392 261 3056 335 98 
% 5.7 9.4 0.5 1.4 2.4 1.4 3.J 7.2 4.8 56.J 6.2 1.8 
n 65 204 J 5 62 118 77 70 467 124 277 21 
% 4.3 13.6 1.0 4.J 7.9 5.1 4.7 3 I. J 8.3 18.5 J.4 
HP 0.8 I .  5 2.0 2.9 3.3 3.6 J .5 4.3 1.7 0.3 0.2 0.0 

TA BLE 3: M icrohabitat selection of Loceno l'ivipora on dry d u n e  tops (area= 5450m2, sightings= 1500). a= groves of Prunus 
spinoso and/or Robinia pseudo-acacia (only presen t  at t h e  border zones of t h is macrohabitat). b =isolated, small Quercus t rees. 
c =isolated, small Pinus trees.  d =isolat ed , sma l l  Bent/a trees .  e =isolated Frongu/a alnus shrubs. f =tree stumps and faggots. 
g =d e nse Rubus shrubs.  h =open broom bushes  (Saro1ha111nus scoparius). i =heat h er ( Calluna vulgaris). j =closed, dry grassland 
of Deschampsia jlexuosa. k = open, dry glassland of Fes/Uca ovina and/or Agros1is tenuis. I = bare drift sand and open 
C01ynephorus vegetation.  

Tabie 3 gives a survey of the microhabitat selection 
within the open dune tops. fn this macrohabitat the 
lizards show a more marked preference for shrubs 
(broom, alder buckthorn) than for isolared trees. The 
spots with old tree stumps and faggots score very 
highly as well. The difference between birch and pine 
trees is less marked than in the wetter border zones of 
moorland pools. The oaks score markedly lower than 
the other trees and the bramble bushes lower than the 
other shrubs. The dense combirnition of trees and 
shrubs in the Robinia/Prunus groves scores even lower. 

Table 4 shows a survey of the correlation in habitat 
selection by the various age classes and the sexes. It is 
clear that the habitat selection by all groups is highly 
positively correlated. 

DISCUSSION 

All macrohabitats ofTable I ,  except the open water, 
are mentioned in literature as habitats of L. vivipara. 
The relative preference for the various ha bi tats, 
however, shows marked and great differences. As far 
as humidity is concerned it appears that very humid as 
well as pronouncedly dry places are chosen, al t hough 
the more humid places seem to house more animals. 
Those habitats that are structurally very uniform are 
more or less or even totally avoided, no matter whether 
they are either completely closed or completely open. 
A positive reaction to habitats with a greater structural 
diversity has been proved to exist for more lizard 
species (Pianka, 1 967; Allen, I 977). Thus a tr ee in an 
open habitat provides a gradient in sun and shade, 
which is of great importance for an ectotherm ic ani ma! 
as L. vivipara. For an organism of such small 
proportions a big Molinia tussock may also serve this 

tic+ d'!s u bad d'!juv 

A 0.97 0.96 0.82 
I 0.97 0.90 0.86 
I I 0.79 0.97 0.67* 

purpose. Besides this thermoregulatory advantage 
such structures mostly offer a good refuge for flight, 
too (antipredation function). Moreover the potential 
number and variety of prey species will be greater in a 
microhabitat with a greater diversity. 

The differences in preference for certain tree and 
shrub species in Tables 2 and 3 can be explained by 
their very form. Thus the sun/shade gradient near a 
small pine tree with its low-hanging branches among 
high Molinia tussocks will be much shorter and more 
sudden than under a birch tree in the same 
environment. The small oaks growing on the dry dune 
tops (Table 3 )  are always more or Jess bulbous, i.e. the 
lower branches nearly always touch the surface. 
Therefore the area projected by their foliage 
circumference on the surface is mainly fully shaded, 
not allowing any of the other vegetation types which 
are present under most other trees and shrubs. Near 
and under the little pine trees there is a good sun/shade 
gradient on account of the absence of the tall Mo/inia 
tussocks as in the habitat of Table 2. The sun/shade 
gradient in the dry habitat of the dune tops is always 
better developed near the lower shrub groups, often 
comprising more individuals, than near the trees, 
where the sun often reaches the trunk foot. 
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Zlsubad c.fljuv subad/juv 

0.93 0.73 0.86 
0.92 0.77* 0.80 
0.74 0.55* 0.62* 

TA B LE 4: Correlation between the habitat selection by juven iles, subadults and adult males and females (Spearman rank corr. 
test; x = P <.OS, in all other cases P <.O I). A = macrohabitat se lect ion. I= microhabitat selection in border zones of oligotrophic 
moorland pools. II = microhabitat selection i n  dune  tops. 
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ABSTRACT 

A female M alayan pit  viper ( Ca/loselasma rhodostoma) la id a clu tch of 27 eggs and remained coiled atop them 
unt i l  hatching. Possible fu nctions of brooding were eva l uated; these include regu lation of temperature, regulation 
of moistu re, and protection. The brooding female was not found to regulate t he clutch's temperature but was fou nd 
to vary t he degree of egg exposu re i n  accordance with fluctuations in the level of relative h u midity.  Body-jerking 
movements cou ld be el ici ted in the female whi le she was brooding but not whi le she was off the nes t .  Body-jerk ing 
was el icited by prodding wi th  an inan imate object as well as from a conspecific, and it is fel t  that this behaviour 
cou ld funct ion to ward off a potent ial predator. 



B R OODING I N  CALLOSELASMA RHODOSTOMA 2 1 1 

INTRODUCTION 

T h is is a report on brooding of eggs by a female  
M alayan p i t  viper (Ca/loselasma rhodostoma). To 
elucidate poss ib le  funct ions brooding m igh t  have i n  
C. rhodoswma, we collected da ta  o n  tempera ture  and 
hum idi ty  wit h in  the snake's enclosure. In add i t ion ,  we 
o b s e rv e d  t h e  e ffec t  of p hys i c a l  d i s t u r b a n c e s  
o n  t h e  brooding female .  

Egg brooding h as been observed in the  l i zards 
Eumeces and Ophisaurus ( N oble & M ason ,  1 933 ;  
Evans, 1 959 ; V inegar,  1 968) .  In s n a kes , brood i n g  h as 
been reported for var ious e lap ids and several v iperids 
(Noble, l 935), bo ids  (V inegar et al. , 1 970) ,  and  in a few 
colubrids ( B el la irs , 1 970; Oliver, 1 955) .  Funct ions  of 
brood ing  that h ave been explored incl ude :  defense  of  
t he n es t  ( N oble  & M ason ,  1 93 3; N oble ,  1 935; Pope, 
1 935; Ol iver, 1 956), behav ioural  regu l a t i o n  of nest 
tempera ture ( V inegar, 1 968; Ol i ver, 1 955; Cogger & 
H o lmes, 1 960), and physiological  regu l a t i o n  of nest 
t empera t u re ( H utch ison e1 al., 1 966; V i negar et al., 
1 970).  

M AT E R I A L S  A N D  M ETH ODS 

A l arge brood ing female ( sn out-vent l engt h :  
802m m )  w a s  housed t oget h e r  w i th  two  sma l ler fema les 
i n  a 90 x 60 x 60cm wooden enclosure fit t ed  wit h a g lass 
t o p  and  front  s ide .  The ins ide o f t  he enc losure incl uded 
a cypress bark mulch subs tratu m,  t hree l a rge rocks 
a rra nged to  provide crevices, a bowl ' pool'  for wa ter, 
and plas t ic fol iage.  The cypress mu lch  prov ided a 
s u it a bl e  subst ratum in which the s n akes blended wel l  
due t o  t heir crypt ical ly colour e d  pa t t erns. The mu lch 
a lso formed a s u i table  s ubstra tum for nes t i ng .  

The  s n a k es were kept on  a 1 2/ 1 2  reversed l igh t-dark 
cycle. Three 2 5-watt red ceramic coated l ight  bulbs 
used d u ring  t h e  dark cycle p rovided accept able 
i l luminat ion  for both direct and video m o n i t ored 
observat ions. A 250-watt  i n fra-red h ea1 renector 
s i t u ated Im a bove and at a 45° a ngle to l he  enc losure 
was turned on  for four h ours each day dur ing  t h e 1 2  
hour l ight  cycle .  This caused t h e  t empera t u re i n  the 
enc losure to  vary between 23° and  29°C t hrough a 
24 hour cyc le .  Li k ewise ,  the  h u mid i ty  l evel was va ried 
between 70 a n d  1 00 per cent R . H .  through periodic 
watering of the  mulch subst ratum as well as m i s t i ng  t he 
i ns ide  of the  enclosure. 

I n  order to t es t  t he hypothesis t hat brood i ng has an 
effect on the t emperature of t h e  eggs , data on t h e  egg, 
air ,  and s u bstra tum temperat ures were co l l ected. 
Tempera ture  readings d u ring brooding by the large 
fema le  were obtained from 3 thermist ors con nected to  
a YS I M odel  4002 swi tch box,  which was  i n  t urn 
connected to a Y S I  te le thermometer .  Bo th  t h e  swi tch 
box a n d  te le thermometer were next  to t h e  o u t s ide  of 
the enc losure. Temperature was recorded 
s i m u l t a n eousl y  from air,  substra tum,  and c lu tch .  A i r  
t e mperature was obtained by a t hermistor hanging 
1 Scm a bove the  brooding female .  S u bs t ra t u m  
t e m perature was t a k e n  from a t h ermis tor l Ocm i n  fron t  
o f  t h e  brooding female ,  and c lu tch  temperature was 
recorded from a thermistor p laced between t h e  coi l s  of 
t h e  female  and her eggs . Tempera t u re was recorded for 

26 consecutive d ays. Temperat ure was genera l ly  
recorded dur i ng the dark cyc le .  I n  addition,  
t emperat ures were recorded at  15 minute  intervals over 
a 24 h o ur period i n  order to obtain a cont inuous  
samp l ing of  t emperat ure changes t h rough a complete 
day cycle .  

Data on  the  brooding fema le 's  response to changing 
l evels of h u midity were obt a ined by a n  A bbeon 
Rela t i ve H umidi ty I ndicator posi t ioned 22cm d i rect ly 
above t h e  fem a l e. A Sony black  and white  v ideo 
camera in fron t  of t h e  enc losure was focused on the 
hygrometer; a second camera was suspended a bove t h e  
enclosure and w a s  focused on  t h e  brood i n g  fem ale  
wi th the fi l m  plane para l l e l  t o  the floor of t h e  
enc losure. T h e  pictu res from t he t w o  cameras were 
combined w i th  a S o n y  S pecia l-Effects-G enerator .  
Twelve-hour  cont inuous record ings were made on  a 
Panason ic  t im e- lapse survei l l ance v ideo recorder 
dur ing the  dark cycle over a period of 8 days; egg 
expos u re and hum idi ty da ta  were recorded fro m  them .  
The da ta  cons i s t ed of  1 89 egg exposure-hu m i di ty  data 
comparisons made at o n e-ha lf  h our i n t erva l s .  Egg 
exposu re was det ermi n ed by project i n g  tbe video 
i mage onto  a l 3.3cm diagonal  black a n d  wh i te  monit or 
screen div ided in to  3 m m  squares and cou n t i ng t h e  
n u mber o f  squares i n  which eggs were vis i ble . 

RESULTS 

TEMPERATURE 
Tempera ture means ,  s tandard dev iat ions ,  and 

ranges overl apped.  But  a Friedman n o n-paramet r ic  
test of differences between simultaneous temperature readings 
was s ignifi can t  (X2 = 7 1 . 7 ,  d . f. = 2, p <0.00 1 ) . Paired 
t- t es t s  a l so  s h owed t ha t  t h e  m e a n  subs trat u m  
t em perature  was s igni fi can t ly lower fro m  t hat of bot h  
t h e  m e a n  c lu tch  (1= I 0.45, d . f. = 1 52 , p <O.OOJ) and a ir  
( t  = 7.66 ,  d . f. = 1 52 , p <0.001) t emperat ures, bu t  t hat 
t he mean cl u t ch temperat ure did not d i  ff er s ign ifican t ly 
from t ha t  of a ir (p <0.05). 
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Fig.  J Tempera t u r e  cha nges over a 24 hour  period d u r i ng 
broo d i n g  in Cal/oselasma rhodostoma. D a t a  p o i n ts represe n t  
a verages over 4 t empera t u re rea d i n gs t aken a t  1 5  minute 
i ntervals. 
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Fig. I shows cha nges in t h e  t e m peratu res of t h e  
s u bs t ra t u m ,  c l u t c h ,  a n d  a i r  over a 2 4  h o u r  period. We 
obt ained data  points by averaging fou r  consec u t ive 
t e mperat u re readings t a k e n  a t  1 5  m i n u te i n tervals 
from each t h ermistor.  

H UM I DITY 
We o bserved c h anges in t he a m o u n t  of eggs ex posed 

occu rring wit h changes in h u m i d i t y .  The fem a l e  would 
o ften cover t h e  eggs complet ely when the rela t i ve 
h u m idity decreased below 70 per cen t .  Spray ing  of t h e 
enclosu re increased t h e  rel a t ive h u m id ity  t o  1 00 per 
cen t .  The fema l e  responded to the h u m i d i t y  r ise wi th a 
l oosening of h er coi ls ,  t h ereby great ly i ncreas ing the 
amount  o f  eggs exposed . On sever a l  occas ions ,  rela t i ve 
h umidi ty  remained a t  or near  I 00 per cent  for several 
h o u rs .  The fem a l e  i ni t ia l ly  respon ded by l oose n i ng her 
coils but  t hen decreased egg ex posure by t ighten ing 
t h e m .  

A p l o t  of % R . H .  and a m ou n t  o f  egg expos u re over 
t i me s howed a consistent pat tern of i ncrea ed egg 
exposure fol l owing s h a rp rises in h u m id i t y .  A 30 hour 
sample of t h is pa t tern is  given i n  F ig. 2 .  H igh levels  o f  
egg expos u re ( egg ex pos u re > 4 0 )  a l ways l a s ted under 
two hours, regardless o f % R . H .  
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Fig. 2 One hundred and eighty hour  sample of t he amount 
of eggs exposed (see text ) d u ring brooding i n  Callose/asma 
rhodostoma (solid l ine) toget her wit h % R . H . (dashed line).  

DEFENCE 
We observed t h e  brood i n g  fe m a l e  to act i vely defend 

t he nest by m eans o f  body-jerk ing.  This  behavi o u r  was 
also o bserved by M a t t  Fins t rom ( u n p u bl ished 
man uscript)  and a ppears t o  be s i m i l a r  t o  t he ' body­
jerking' o f  cro t a l i n e  sna k es i n  res ponse to t h e  presence 
ofophiophagous k ingsna kes ( Ca rpenter & G i l l i ngham ,  
1 975) .  J n  Cal/ose/asma rhodostoma, body-jerking 
consisted of jabbing a s h o rt segment  o f  the t r u n k  
against s o m e  i n t ru ding object  and t hereby forci n g  t h e  
o bject away fro m  t h e  s n a ke. This  res p o nse cou ld be 
e l i cited by inan imate  object s s u c h  as snake  hooks  as 
well as by conspeci fics .  Whenever body-jerk i n g  was\ 
d irected aga i nst a conspeci fic ,  t he l a t ter  i n i t ia l ly \ 
reacted with a s t a rt l e  response,  t hen froze for u p  t o  
t hree minutes. D u ring hatching,  t h e female 's  body­
jerking led to d isp ers i o n  of t h e newly hatched 

neonates.  The body-jerk i n g  response disa ppeared t wo 
days a ft er hatch ing  of the neonates .  

T n  one c a s e  t he i n t r u d i n g  conspecifi c  w a s  a grav i d  
female  who w a s  very pers i s ten t  i n  a t t e m p t i ng t o  coi l 
a top t h e  a l ready bro o d i ng fem a l e. We fi rst observed 
t h ese a t t em p t s  on 3 S e p t e m ber 1 98 2 ,  27 days a ft e r  t h e  
brood i n g  fem a l e  had l a i d  her eggs. The non-brood ing 
female  was rem oved fro m t h e enclosure and was 
isolated in  a sma l l ,  sepa ra t e  terra r i u m .  On 1 9  Sept ember 
1 98 2 ,  the removed fem a l e  la id eggs a n d  coi led t ig h t l y  
a r o u n d  t h e m .  We l i fted  t h e seco nd female  off h e r  nest 
so t h a t  t h e  eggs cou ld be weighed and measu red, and 
she ex h i b i t ed body-jer k i ng to t h e  snake hook as had 
the or iginal  female .  

D I SCUS S l O N  

T h e  t e m perat u re d a t a  do n o t  i n d icate  t h a t  brooding 
i n  Cal/oselasma rhodos1ama has any effect on t he 
s u bsequent  t e m pera t u re of t h e  c l u t c h  except for 
decrea s i ng t h e ove ra l l  d a i l y t e m perat u re vari a t i o n .  
T h i s  t e m pera t u re sta b i l i  i n g  effect c a n  b e  expected 
from any l a rge coveri ng body. Brood i n g  fe male l n d i a n  
pythons (Py1hon molurus bivi1 1a tus) c a n  m a i n t ai n  body 
tempera t u res a much as 7 . 3 °C above e i t her o f  t h e  

u bs t ra t u m  or t h e a m bient  t e m pera t u res for ex ten ded 
periods ( H u tch ison e1 al. , 1 966; V i n egar e1 al. , 1 9 70) .  
For ! h e p y t h o n ,  3 3 °C may be a n a l ogous t o  t h e  ' l ower 
cr i t ica l  temper a tu re' of b i rds and m a m mals  ( H u t  chi son 
et al. , 1 966);  1 hat is, the brood i n g  a n i  ma I only  i nc r eases 
i t s  rat e of oxygen cons u m pt ion o n ce the a m bient d rops 
below 3 3°C . 

The body tempera t u re of t h e brood i n g  fem a l e  
Ca//oselasma rhodosroma d u r i n g  t h e  24 hour  sa mple  
was  above a m bi e n t  t em pera t u re fo r about  9 hours (see 
Fig .  l ). This occu rred d u r i n g a s t eep decl i n e  in t he a i r  
tempera t u re a fter i t  h a d  rea ched i l s  p e a k  at 0200 hou rs .  
Dur ing  t h i s per iod,  t h e  ma x i m u m  tem pera t u re 
deviat i on bet we en 1 he a i r  a n d cl ut eh was on ly  I .4 °C. I t  
should be noted t h a t  as most t e m pera i u r e  data were 
obta i ned d u ri ng t h e cooler (da r k )  port ion of the cycle,  
the bias was t owards body l e m pera l u res warmer t h an 
ambient . V i negar et al .  ( 1 970) suggest t hat t h e 
nort herly d i s t ri b u t ion l im i t  ( c i rca 2 2 °  N .  La t . )  of 
Python rer icula1us was determ i n e d  by t h e fa ct that i t  
d i d  n o t  i n c u ba t e  i ts eggs; wh ereas P. 1110/urus w i t h  i ts  
a b i l i t y  to  i n crease i ts body tempera t u re d u ri ng 
brooding a l l owed i t  t o  e x t e nd i t s  range i n to sout hern 
Ch ina ( c i rca 27° N .  L a t . ) .  fn con t rast , t h e range of 
Callose/asma rhodostoma probably does not extend 
much furt her than P h i t s a n u lck ,  Tha i land ( 1 6 . 5 °  

. L a t . ) ;  a range w h i c h  i s  more comparable  t o  t h at o f  
P. reticu/atus. T h e  m e a n  t e m perat u re o f  a t en year 
period for the nort h er ly pan of C. rhodostoma's range 
is 28. 3 °C d u ring t h e  per iod m ost l i k ely for laying 
(World Weather R ecords 1 950-60, Vol .  4 ,  A s ia ). 
B el l a i rs ( 1 970) ment ions  t h e  poss i b i l i t y  that  brooding 
m ight  prot ect rept i l ia n  eggs from c h i l l i ng breeze , 
t h ough t h e  forested h a b i t a t  of C. rhodostoma would 
lessen any such effect . 

The calcareous s h e l l  of ov iparous rept i l es is a n  
i m port a n t  adapt a t i on assoc iated w i t h  t erres t ri a l  
reproduct i o n  (Spe l lerberg, 1 98 2 ) .  The a l bu men layer 
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i n  A mphibo/urus b. barba1us eggs redu ces desicca t ion  
( B adha m,  I 97 1 ) , however, h u m i d i ty a n d  m o is t u re 
con te n t  of t h e  su rrou n d i ng subs t ra t u m  rem a i n  
i m port a n t  factors i n  embryon i c  s u rviva l ( F i t c h  & 
F i t ch , 1 967) .  A daptat ion t o  t h e  p rob l em of d es icca t ion 
of  t h e  poro u s l y  membraned eggs i s  seen in  t he h a b i t  of  
s o m e  t erra p i n s  of  m o i s t e n i n g  t he nes t  w i t h  u rine .  The 
E u ro pean t erra p i n  (Emys orbicularis) d r i n k s  water  
w h en l ay ing  d u ri n g  h ot wea t h er t h u s  rep l e n i s h i ng her  
c loaca !  b l a d ders wi t h n u  id  wh ich  i s  u sed in  m o i s t e n i n g  
her  n est  and  eggs ( Be l l a i rs ,  1 970) . 

J os h i  ( 1 967 )  s h owed t h e  i m por ta nce o f  h u mi d i t y  i n  
t he deve lopment  of Py!hon sebae eggs . H e  d iv i ded a 
s i ng le  c l u t ch i n t o  var ious  gro u ps a n d  fo u n d  t h at t h e  
groups  k e p t  a t  65 t o  80 per cen t R . H .  h a t ch e d , whereas 
t he group k ept be low 40 per cen t  R . H .  fai led  t o  h a t c h .  
A gro u p  k ep t  i n  m o i s t  s o i l  b u t  i n  a d ry a n d  s u n n y  p l a ce 
a l so fa i l ed to h a t c h .  

H u m i d i t y  may be on ly  one or  t h e  fac t o rs 
d e t e r m i n i n g  egg expos ure .  A n o t h e r  fac t o r  m ig h t  be 
egg t u rg i d i t y ,  w h i ch m ig h t  i n  t u rn  be a ffect ed  by 
h u m i d i t y .  Jn such a case,  we pos t u l a t e  t h e  fo l l o w i n g  
t h ree seq u ences determ in i n g  egg expos u re:  1 .  H u  midi ry  
h ig h ,  egg t urgi d i t y  l ow: ex pose eggs . 2 .  H u m i d i t y low,  
rgg t u rg i d i t y  h i g h  ( from excess i ve gro u n d  m oi s t u re) :  
ex pose eggs. 3 .  H u m i d i t y  low, egg t ur g i d i t y  low (or 
d ecrea s i ng) :  cover eggs . I n  s o u t h e a s t  A s i a ,  w here 
h u mi d i t y  levels a re genera l l y  h i g h .  especia l ly i n  
fores ted areas,  regu l a t i o n  o f  m o i st ur e  m i g h t  be  more 
cru c i a l  t h a n  t e m pera t u re regu l a t i o n  t o  t he sur iva l  of  
t h e  devel o p i ng eggs . Devia t i o n s  i n  prec ipi t a t ion l evel  
cou l d  h a ve ser ious  conseq u e n ces on egg s u rviva l a s  
eggs are l a i d  d u r i n g  t h e  per iod  of greates t  r a i n fa l l  
( Fig .  3 ) .  

-- Loyl� lOO - Hotc1'"'9 
" T6"1plroturt 

Pr•cipltatkln '"" " 

, .. ---� .... ' " ', 100 , 
I 

IO / --------- ---.. ',, 
/ ', 1'0 

t " / \ 
I 

I \ i I \ 100 

t 
, ,  

� I I  "' 

20 

JAN fCE MAR .t.f'R flil.l'I' .AJN£ JUl r AUG SfPl OC 1 HO'V OH 

Fig. 3 Tempera t ure and p rec ip i ta t ion averages for a I 0 year 
per iod at t he P h i ta n ul o k ,  Thai land,  wea t her  s ta t ion  
( 1 6 . 50 N. Lat . )  and approx imate  egg l ay i n g  a n d h a t c h i n g  
t i mes for Calloselasma rhodosroma. ( W e a t h e r  i n fo rmat ion 
ob ta i ned fro m the U . S .  Dept .  commence,  E nv ironmen t a l  
S c i .  Services A d m i n . ,  Environ menta l  Data S e rvice .  Wor ld  
Weat her R ecords 1 950-60, Vol .  4 ,  A s i a . )  

I t  i s  assu med t h a t  brood ing  in  sna k es serves t o  
protect the  eggs from p redators , a l th o u g h  t h e  
l i t era t u re conta ins  l i t t l e  d i rect  ev idence for t h i s  
hypot hes is . Oliver ( 1 956)  concluded t ha t  brood ing  i n  
Ophiophagus hannah m u s t  be  provid ing  p ro tect io n  

s i n ce h e  found  the  fema le  to be more concerned w i t h  
cover i n g t h e  eggs ( h u mid i ty  ma in ten an ce?) t h a n  i n  
dr iv ing off a po ten t ia l  predat or .  N oble ( 1 935) ,  afte r  
determin ing that  cert a i n  fema le  l i zards tha t  brood t h e i r  
eggs w i l l  ac t ive ly  defe n d  t hem from predatory a t t acks ,  
conc luded t h a t  t he  s a m e  mus t  be t rue  for t h e  m ajor i t y  
o f  b rood in g s n a kes ,  a s  i t  wou l d  en h ance t he i r  
offspr ings '  s u rv i v a l  w i t h  or  w i t h o u t  p h ys i o l og ica l  
t h erm oregu l a t i o n .  

F i n a l l y ,  i t  s ho u l d  b e  n o t e d  t ha t  brood i ng i n  
Cal/oselasma rhodos101110 ca n  l e a d  t o  pass ive d efen ce 
p rov id ed by t h e  c a m o u n ag i n g  co loura t ion of t h e  
brood i n g  fem a l e .  A s  t h e  h i g h l y  renec t i ve w h i te eggs are 
l a i d  on  t o p  of t h e  s u bs t ra t u m  Ooor,  t h ey wou l d  b e  very 
v i s i b l e  to a pre d a t or, b u t  once covered by t h e  b rood i n g  
fem a l e  t hey d isappear  u n der b e r  b o d y ,  wh ose colo u r  
a n d  pat t erns b l e n d  i n  wel l  w i t h  t he gro u n d .  

A CK N O W LE D G E M ENTS 
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HERPETOFAUNA OF THE LATE DEVENSIAN/EARLY FLANDRIAN 
COW CAVE SITE, CHUDLEIG H, DEVON 

J .  A L A N  HOLM A N . 

Mich(�an Srare University Museum. Easr Lansing. Michigan 48824- 1045 U.S. A .  

(A ccep1ed 24.3.87) 

A BSTR A CT 

The late Devensian/early Flandrian Cow Cave Site ,  Chudleigh, Devon,  yielded a herpetofauna consist ing of 
Bufo bufo, Bufo ca/amita. Rana temporaria, Anguisfragilis, and Vipera berus. This is  a depauperate  'Rana-Bufo' fossil  
assemblage with Rana comprisi ng 20 per cent and Buja 77 per cent of the fauna.  The endangered species Buja calamira 
is reported for the  first t ime as a fossil from Devon and for the second t ime only as a British foss i l .  

I NTRO D U CTION 

Other than a recent report on  the lghtham Fissures, 
S evenoa ks Area, Kent  (Holman ,  1 985)  and Stuart 
( 1 979) on Emys orbicularis, the late Devensian and 
Flandrian herpetofa u na of Britain has largely been 
neglected since the late 1 9t h  Century (Newton, � 879, 
1 894; Woodward, 1 880). N evert heless, a knowledge of 
late Pleistocene B ri t ish herptiles is  essent ia l  for the 
interpretation of their biot ic  responses t o  late 
P leistocene environmenta l  osci l lations.  R ecently, 
t hrough the k indness of Dr. A ngela M il ner of the 
Brit ish M useum (Natura l  H istory), I was allowed the 
privilege of studying the late Devensian/early 
Flandrian herpetofauna of Cow Cave, Chudleigh, 
Devon. The fossi l  herpetofauna  of this site forms the 
subject of the presen t  paper. 

THE DEVENSIAN AND FLANDRIAN STAGES 
The D evensian is the  last cold s tage of the 

Pleistocene i n  Britain,  and is  t hought to have begun 
about 1 1 0,000 years before the  present ( b. p . ), and to 

have lasted about 1 00,000 years (St uart, 1 982). The 
Flandrian is that period of t ime in Britain that began 
about 1 0,000 radiocarbon years b .p. , equivalent to the 
H olocene on a world-wide basis. S u tc liffe ( I  985, p.6 1 )  
provides a chart that  indicates terminology of 
Flandrian equivalents in  differen t  parts of the World. 
Quite important events that occurred in the Flandrian 
and strongly influenced the Bri t ish herpetofauna 
include ( I )  British isolation from the European 
Cont inent  early in  the stage, (2) ext inct ion of several 
large mammals through hunting and habitat changes 
by humans,  and (3) later in troduction of exotic species 
and further modifications of the environment of the 
native species. 

The ecological h istory of the Flandrian, based on 
pollen, mollusc and beetle s tudies ,  indicates a change 
from Tundra about 1 0,000 b .  p.  to a rapid warming to a 
cl imate as warm as t oday in sout hern England by 
9,500 b .p .  The birch community was replaced by hazel 
scrub between 8,700 to 8 , 1 00 b .p . ;  then a hazel and pine 
mixture about 8 , 1 00 t o  7 , 1 00 b .p . ;  and final ly 
deciduous forest from 7,  1 00 to 5 ,000 b.p.  (Coope, 1 977 ;  
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H ibbert et al. , l 97 l ;  Osborne, l 974; Penni ngton ,  1 977;  
a n d  Yalden, 1 982). After  5,000 b .p . ,  the act iv i t ies of 
h umans caused great changes i n  h abi ta ts .  

THE Cow CA VE S 1TE , C1-1uDLEIGH,  D EVON 

The Cow Cave S i te  ( N a t i o n al O rd ina n ce S urvey 
Grid R eference SX 864 787 ,  Fig. l )  is one of a series of 
s m al l  caves in Chudl eigh G eorge, Devon,  on the R i ver 
Teign .  The site was brieny ment ioned by S utc l i ffe a n d  
K owalsk i ( 1 976) .  Cow Cave i s  present ly  o n e  of  t h e  few 
rem ain ing  roost ing s i tes for t h e  grea ter h orseshoe bat 
(Rhinolophusferrumequinum) J.  \V . S i mmons ,  formerly 
of  the  Br i t ish M useum ( N a t u ra l  H i story) ,  made  
excavat ions  a t  the  s i t e  i n  l 962  a n d  1 963 wh ich  y ielded a 
fa ir ly unremarkable l ate Devens ian/early F l a ndrian 
m am mal  fauna  ( A ndrew Curr a n t ,  pers .  com m u n . ,  
9 M arch,  1 987 ) .  T h e  cond i t ion  of  t he preservat ion  o f  
t he foss i l  a m p h i bi a n  and  rept i l e  bones fro m  C o w  Cave 
is  as good, and in many cases bet ter,  t ha n  t hose of t he 
herpetological foss i ls  of t h e  I gh t ham Fissures,  K en t ,  
report ed b y  H ol man ( I  985) .  

Fig .  I M ap of Devon and Corn w a l l  show i n g  locat ion of 
Cow Cave S i te  a t  Chudle igh (c losed c ircle) and t he o n l y  
h i storical record o f  Bufo ca/ami1a from Devon ( o pen c irc le) .  

SYSTEM A TIC PA L A EONTO L O G Y  

I n  t h e  accounts t o  fol low t h e  abbrevia t ion  ' B . S . '  
refers to t h e  ' back-sect ion '  o f  t h e  cave. T h e  other 
a bbrev ia t ions ' F . S . '  and ' R . S . '  refer e i t her t o  t h e  front  
( F . S . )  or rear ( R . S . )  of the  back-sect ion  ( B . S . )  of  Cow 
Cave.  The Roman N u m erals  refer to layers wi t h i n  t he 
specific  fron t  or rear sect ions .  A l l  of t h e  specimen  
n u m bers, B M (N H )  R-,  a re of  t h e  B ri t i sh  M useum 
( N a t ural H istory). 

M ! NJMUM N U M B E R  O F  I N D I V I D U A LS 

M in i m u m  n u m bers of ind iv iduals of each species a re 
based e i ther on t he largest nu m ber of e i th er n on-paired 
bones or of l eft or r ight elements .  For ins tance, i f  a 
species was represen ted by fou r  sku l ls ,  a n d  by six left 
and fou r  right i l i a ,  t he  m i n i m u m  nu mber of i ndiv iduals  
would be s ix .  On the  ot her hand,  i f  a species was 
represented by t hree sku l l s  and two left a n d  one  r ight  
i l ia ,  the  m i n i m um number of i nd iv iduals would be 
t h ree. A smal l  lot of vertebrae (as i n  Vipera berus) i s  
considered a min imum n umber of one .  

Class A mphib ia  

Order S a l i en t ia 

The anura n  i l i u m  is a very good foss i l  e lement upon 
which to base ident i fica t ions (Bohme ,  1 977 ;  H olman,  
1 985) .  I t  is n u m erous i n  the  fossi l  record; tends t o  
reflect t he m o d e  of locomot ion  of  t h e  an i m als and i n  
m a ny cases refl ects speci fi c  d ifferences ( Bohme, 1 977 ) .  
Other a n uran bones tha t  could be iden t i fied a t  the  
specific  l eve l  i n  t h e  present s tudy i nc lude t h e  
front oparieta l  a n d  t h e  sacrum .  B o h me ( 1 97 7 )  has  a lso 
demonst ra ted the useful ness of t h ese bones i n  foss i l  
st u d ies. 

Family B u fon idae  

Bufo bufo Lauren t i  

Identified Material. I L I A :  B . S . F. S . I  two  right 
B M ( N H )  R- 1 1 1 5 7; B . S . F .S . I I  38 l eft and 3 7  r ight  
B M ( N H )  R - 1 0 1 82 ;  B . S . R . S . I V  one  left and three right 
B M ( N H )  R-8903, 54 left and 64 righ t B M (N H )  R- 1 0 1 84 ,  
n i n e  l eft a n d  1 8  r ight  B M( N H )  R - 1 0 1 94 .  FRONTO­
PAR I ETALS: B . S . F. S . I  eight left and  fou r  right 
B M ( N H )  R - l  l 1 60; B . S . F . S . 1 1  1 5  left and  1 2  r ight 
B M ( N H )  R - 1 1 1 58 ,  pair of fused elements B M (N H )  
R-8899; B . S . R . S . I V  t w o  right B M( N H )  R - 1 1 1 59 .  
S A C R A :  B .S . F . S . I  t w o  B M ( N H )  R- 1 1 1 55 ;  B .S . F .S .  l l  
and R .S .  I V  mixed 36 B M ( NH )  R - 1 1 1 56 .  

Th is  is a m i n i m u m  n u mber of  J 24 Bufo bufo based on 
J 24 right i l i a .  

Remarks. The i l i a  of Bufo bufo a n d  Bufo calamita a re 
read i ly  d i s t inguishable on t h e  basis of a n  easi Jy­
o bserved character ( F ig. 2 ) .  Bufo bufo h as a low, 
ro unded i l i a !  pro m inen ce that develops a roughened 
area on it  in  some older i nd iv idua ls .  Bufo ca/a111i1a has 
a dist i nct ive t r i angu lar i l ia !  prom i nence. 

Fig .  2 Left i l ia  of modern Bufo i n  l a t era l  v iew.  A,  Bufo 
calami1a, O xford Univers i ty M u seum (Zoology) N u mber 
9532 . B, Bufo bufo, M ichigan S t a t e  U n i vers i ty  M useum 
( Ve rtebrate  Paleon t ology) N u mber 3380. 

The frontoparietal  has been shown to be a usefu l  
bone i n  dist ingu ish ing species of E u ropean Bufo 
( Bo hme,  1 977). The fron toparieta l  of Bufo bufo i n  
dorsal v iew i s  d is t inct  from Bufo calamita ( Fig.  3 )  i n  
lacking a l inea transversal i s  (a  curved l i nea t ransversa l is  
i s  present in B. calamita),  (2)  in h av ing  a straight l in e a  
occip i t a l is (curved i n  B .  calamita),  ( 3 )  i n  hav ing a 
sma ll er, mor e  acute process occip i t a l is ,  (4) i n  having a 
t ru n cate  rather than  a n  acute process occipital  i s ,  (4)  i n  
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having a tru ncate rat her t h a n  a n  acute pars frontalis ,  
and (5)  in having t h e  posterolateral edge of the bone 
i n dented just anterior to the process prootical is 
(straight in B. calamita). Character 4 is the most 
obvious one in the fossils examined. Behme ( 1 977, 
Fig. 2 ,  p.4) provides a figure that  i l l ustrates the above 
terms. 

The sacrum has also been shown to be a useful bone 
i n  dist inguishing species of E u ropean Buja ( Beh me , 

1 977) .  The sacrum of Buja bufa i n  dorsal v iew i s  
distinct from that o f  Buja calamita i n  ( I )  hav i ng Jess 
flared sacral d i apophys es, and (2) i n  having much 
more anteriorly directed condy les ( Fig .  4 ) .  Character 2 

is the most obvious one i n  the foss i l s  exa mi ned .  

Buja bufa occurs in the  area today ( Frazer, 1 983) .  

Buja calamita Laurenti  
Identified Material. I LI A :  B . S . R . S .  I V  s even left and 

four right BM(NH )  R - 1 0 1 83 ,  seven left and seven righ t 
BM(NH)  R - 1 0 1 88 ,  one l eft and one righ t  BM(N H )  
R - 1 0 1 97, and one left B M( N H )  R - 1 1 1 6 1 . FRONTO­
P A R IETA LS: B . S . R . S . I V  one left BM(N H )  I 1 1 63 .  
SACRA:  B .S .R .S . J V  four BM(N H )  R - 1 I 1 62 .  

This i s  a m i n i m u m  nu mber of 1 6  i n d iv idu als  o f  
Buja calamita based on 1 6  le ft i l ia .  

Remarks. Characters for dis t i ng u ish ing t h e  i l i a ,  
frontoparietals, and sacra of Buja calamita from 
Buja buja have been given i n  the  sect i o n  on Buja bufa . 
Buja calamita has o n ly once before reported as a fossi l 
from Bri ta in  from t h e  l gh t h a m  Fissures  S i t e  i n  K en t  
( H olman, 1 985) .  

Buja calamita i s  p ro bably ex t i nc t  i n  Devon t oday ,  as 
the s ingle record for t h e  cou n t y  is  more t ha n  t wenty-

Fig. 3 Left frontoparietals of modern Bufo in dorsal view 
redrawn from Behme ( 1 977) .  A, Bufo bufo; B, Bufo ca/a111 i1a. 
No scale provided. 

five years old ( Frazer, 1983) .  Why the fossi ls  are 
restricted to one level (B . S . R . S . JV) is not  known, but  i t  
m ight b e  because of some selective taphonomic 
phenomenon . F ig. 1 shows the singl e  his toric record of 
Buja calamita , as  well as the  locat ion of t he Cow Cave 
S i te .  

Fami ly  R a n i dae 

Rana tempararia L i n n aeus 

Identified Material. I LI A : B . S . F .S . l l t h ree left and 
t wo r ight B M ( N H )  R - 1 0 1 8 1 ,  five l eft and one r ight 
B M (N H )  R- 1 1 1 64 ;  B . S . R .S . I V  1 8  J e fr and 1 3  r igh t 
BM(N H )  R-890 1 , one  left B M ( N H )  R- 1 0 1 93 ,  one r ight 
B M (N H )  R- 1 0 1 95 ,  and 8 left and 1 5  r ight B M (N H )  
R- 1 0 1 96. FRONTOPAR I ETA LS: B . S . F . S . I  r ight 
BM(N H )  R - 1 1 1 69 ;  B . S . F .S . 1 1  left B M ( N H )  R - 1 1 1 68 .  
SACR A :  B . S . R . S . I V  t wo B M( N H )  R - 1 1 1 64 .  

T h i s  i s  a m i n i m u m  n u m ber of 36 ind iv idu a ls  based 
on 36 left i l i a .  

Remarks. The i l i u m of t h e  gen u s  Rana may be 
separa t ed from t ha t  of Buja on t h e  presence of an i l i a !  
b lade  (vex i l l u m  of Bohme ,  1 977 )  i n  Rana and i t s  
absence in  Buja (compare Figs .  J a n d  2 of Ho lman ,  
1 985 ) .  The i l ia l  b l ade  of Rana tempararia d i ffers from 
t hose of ot her spec i es of E u ro pean and A mericao Rana 
i n  havi ng t h e  i l i a !  blade depressed and reduced 
an ter ior ly .  

The fron topar ie ta l  of Rana may be separa t ed from 
t ha t  of Buja i n  t ha t  it has t h e  l a t era l edge of t  he bone ( i n  
dorsal v iew) gen t ly cu rved, whereas i n  Buja i t  forms 
al most an  acu t e  angle  ( F ig. 3 ) .  Rana 1empararia 
appears t o  have one of t h e  most gent ly  cu rved lat era l 
edges of t hi s  bone of any  E u ropean species (see F ig .  5 
of Boh me, 1 977) .  

The sacru m of Rana i s  eas i ly  d i s t ingu ished from tha t  
of Buja ( Fig .  4 )  i n  hav ing  an anter ior  condyle (a cot y l e  
i n  Buja) and  i n  hav ing  cyl i ndr ica l  d iapophyses ( flared 
in Buja) .  The sacrum of Rana temporaria h as the sacra ; 
d ia pophyses d i rected more posteriorly t h an i n  other  
Eu ropean species. 

Rana tempararia occurs i n  t h e  area t oday ( Frazer, 
J 983) .  

Fig. 4 Sacra of modern Bufo in dorsal view redrawn from 
B ehme ( 1 977) .  A, Bufo bufo; B,  Bufo calamita. No scale 
provided. 
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C lass Rep t i l i a  

Order S q u amata  

Fami ly  A nguidae 

A nguis fragilis L i n n a eus  

Identified Material. JAW E L E M ENTS:  B . S . F . S . I I  
fou r  left and two r ight dentar ies and t h ree  m a x i l lary 
fragments B M (N H )  R -8907; B . S . R .S . I V  one left 
dentary B M ( N H )  8904 . V E R TE B R A E :  B . S . F .S . 1 1  26  
B M (N H )  R- 1 0 1 9 1 ;  B . S . R .S . I V  e igh t  B M (N H )  R - 1 0 1 99 .  

A m i n i m u m  number  o f  five ind iv idua l s  i s  i n d ica ted 
by t he five l eft dentaries .  

Remarks. S kele ta l  e lements of  A nguis fragilis, 
i nc lud ing  s k u l l  bones, jaw bones ,  vert ebrae,  
osteoderms, and even r ibs are q u i r e  d i s t i ngu i shab le  
from t hose of  other  B r i t i s h  and Euro pean rep t i l e s .  Th i s  
i s  d u e  to  t h e  m any modifica t ions  for a l i m bless ,  
fossoria l  condit i on .  S m i t h  ( I  973 ,  Fig .  58)  p rov ides fin e  
i l l u st ra t ions  of t h e  sk u l l ,  and  anot her  i l l us t ra t ion 
( Fig.  57)  of a m iddle  cauda l  verte bra of  Anguisfragilis 
compared w i t h  t hat  of a Lacer/a vivipara. 

A nguis .fragi/is occurs in t h e  area t oday ( F razer, 
1 983) .  

Fami ly  V iperidae 

Vipera berus ( L i nnaeus)  

Jde11 1ified Material. V E R TEB R A E: B .S . F.S . 1 1  one 
B M ( N H )  R - 1 1 1 54 ;  B . S . R .S . I V  t wo B M ( N H )  R - 1 0 1 98 .  

A m i n i m u m  number o f  o n e  ind iv idua l  i s  i nd icated .  

R em arks. Vipera berus h as a longer ,  more s lender 
hypapop hysis and  a lower n eura l  spine t h an in 
Natrix natrix (see Fig.  3 i n  H o l ma n ,  1 98 5 ) .  S zynd lar  
( 1 984 ) d i scusses add i t iona l  vertebra l c h a ract ers t h a t  
separate  Vipera berus from other  s n a k e  species .  

Vipera berus occu rs i n  the a rea t oday  ( Frazer,  1 983) .  

DI SCU S S I O N  AND S UM M A R Y  

The l a t e  Devens ian/early F landr ian Cow Cave S i t e ,  
Chud leigh,  Devon,  has  y ie lded a rat her  depaupera t e  
'Rana-Bufo' domin a ted, foss i l  h e rpetofa u n a .  Bufo bufo 
(Tab le  J )  is  c lear ly t h e  dominan t  fau n a !  e l emen t ,  w i t h  
Rana 1emporaria being t h e  next mos t  a b u n d a n t  species .  

Cow Cave S pecies and 
M in i m u m  N u m ber of 
I nd iv idua ls  

Bufo bufo 
Bufo calamita 
Rana temporaria 
A nguis fragilis 
Vipera berus 

TOTAL 

l g h t h a m  Fissures S pecies 
and  M in i m u m  N u m ber of 
I nd iv idua l s  

1 24 Triturus sp .  
1 6  Bu(o bufo 
36 Bufo calamita 

5 Rana /emporaria 
I Anguis fragilis 

Natrix natrix 
Coronel/a aus1riaca 
Vipera berus 

1 82 TOTAL 

3 
1 2  
I 2 

3 9 1  
1 9  
8 
2 
2 
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T A B L E  I :  Fossil herpetofa u n a  of Cow Cave, Devon,  
compared wi th  that  of fgh t h a m  Fissures, K en t .  

Th i s  i s  on ly  t h e  second record of t h e  enda ngered 
species Bufo calamita as a B r i t i s h  fos s i l .  T h i s  species 

has  been col lected in Devon fro m  o n ly one local i ty 
d u r i ng h is tori c  t imes, and t h is was over twenty-fi ve 
years ago. 

Table  l compares t he Cow Cave, D evon,  
herpetofauna  w i t h  t h a t  of the I gh t h a m  Fissures, K ent ,  
herpetofauna .  Dr .  A .  S .  Cooke ( pers .  com m . )  has  
i n formed m e  t h a t  i t  would b e  unusua l  t o  fi nd a 
herpetological  assemblage i n  B r i t a i n  t oday a s  l a rge as 
t h at of t h e  J gh t h am Fissures.  H ol m a n  ( 1 985 )  suggest ed 
tha t  t h e  I gh t h a m  F i ss u res h erpetofauna  m igh t  i nd icate 
a t i m e  very early i n  the Flandrian when the c l i m a t e  had 
just become about as w a rm as i t  is  in southern England 
t oday.  

I t  i s  t empt ing t o  s uggest t h a t  t h e  depaupera te  Cow 
Cave herpetofa u n a l  assem blage m ay s uggest a 
somewhat ear l i er ,  cooler t i m e  t h a n  t h e  l g h t h a m  
F issures fauna .  B u t  i t  a lso  may be poss ib le  t ha t  t h e  
C o w  C a v e  assemblage i s  t he res u l t  of some u n known 
taphonomic  even t .  Does the fact t hat  Bufo bufo and 
Bufo calam ita at  l g h t h a m  F i s sures have  a one t o  one 
rat i o  t o  each ot h er, a n d  t h a t  Cow Cave Bufo bufo is  
a bout  J O  t i mes a s  a b u n dant  as  Bufo calamita bear on 
any c l ima t i c  or ecologica l  changes,  o r  was t h i s  
s i t u at i on a lso pro duced by u n k nown t aphonomic 
events? O n ly addi t iona l  s t rat igraph ica l ly-cont rol led 
s tud ies are l i ke ly  to answer t hese q uest ions .  
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A BSTRACT 

Femurs of 73 Ga/lotia galloti caught in different local i t ies and belonging to two subspecies l iving in Tenerife 
(Canary I slands) were ana lysed by ske letochronology. The bones possessed annual rings l ike in many other l izards. 
For a h igh percentage of individuals,  a remnant of  the embryonic bone and a birth l ine of arrested growth remained 
present throughout life because cort ical resorption never completely removed the first annual rings. Thus the age of 
an individual can be directly calculated from the  number of lines of arrested growth.  I n  the sample s tudied here, the 
o ldest l izards were at least  8 or 9 years old.  They reached sexual maturity during their second or th ird year of l ife .  

I NTRODUCTION 

There are many papers on distribution, systematic, 
phylogeny, microevolution ( e.g. Bohme & Bings, 1 975 ,  
1 97 7 ;  Bohme & B ischoff, 1 976; Bohme et al., 1 98 1 ;  
M olina Borja, 1 98 1 ;  B ischoff, 1 982, Castroviejo  et al., 
1 985 ;  Baez & Thorpe, 1 985 ;  Thorpe  et al., 1 985 )  and 
some behavioural aspects ( Bohme et al. , 1 976) of the 
extant l izards of the  genus Gal/01ia ( A rnold,  1 973)  
from the Canary I slands .  In  a special symposium,  
recent ly  he ld  in Germany ( Bohme & H utterer, 1 985) ,  
on the  herpetofauna of Canary I slands,  more t han half 
of the  t wenty six papers presented dealt with t he extinct 
and living species of Gallotia. Studies on the ecology of 
these lizards are still scarce though. 

In this prel iminary paper, the  su bspecies G. g. gallori 
from the south s lope of Tenerife I s land and 
G. g. eisentrauti ( B ischoff, J 982), from t he north slope 
of the I s land were studied.  The species occupies t he 
most diverse habitats on the island, from the seashore 
up to the highest peaks ( maximum alt i tude: 37 1 7  m ) .  
The density of the  populations i s  normal ly very high . 
These l izards are omnivorous although adults are 
predominantly frugivorous, whilst young are pre­
dominantly insectivorous. The reproduction in 
G. ga/loti begins in spring and cont inues throughout 
the summer when the fi rst young animals appear. The 
number of eggs laid by the two subspecies studied 
varied between three and six.  
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The method used t o  assess age, longevity,  t ime of 
maturity and growth pattern was skeletochronology 
( Castanet et al. , 1 977) .  This method has already been 
used in many other lizards s tudies (e.g.  S m irina,  1 974 ; 
Pi J orge et al. , J 98 1 ,  Castanet, 1 982;  N o u i ra et al. , J 982; 
Cheylan, 1 984; Casti l la & Castane t ,  1 986). 

M ATER I A L A N D  M ETHODS 

T h e  gen u s  Gallotia is endem i c  t o  t h e  C a n a ry I s l a n ds 
a n d  comprises fou r  ex tant  species :  G. simonyi, 
G. s1ehlini, G. atlan1ica, and G. gal/Oli. The  l a t t er 
i nh a b i ts t h e  i s lands ofTeneri fe ,  La P a l m a ,  La Gomera 
and H ierro. For more i nformat i on see B a ez ( 1 984).  A 
t o t a l  o f  76 G. galloti ( 39 ad u l t m ales, 2 3  a d u l t  females , 
1 4  juveni les  of u n k nown sex) of va r iou s izes were 
caught  i n  different months  of t h e  year  a n d  from 
d ifferen t  p laces  and a l t i t udes on Tenerife ( Fig .  1 ) . Th e  
l izards,  were p reserved in 70 per c e n t  a l cohol  a n d  were 
also used for other b io logica l  s t ud i e s .  A l l  speci me n s  
were of u n k nown age.  A prel i m in ary s k e letochro n o­
l og ica l  a na lys i s  was made o n  four  l izards ( n ot i ncluded 
here)  to det ermine  whet h er t he femur ,  t he h u merus or 
t h e  pha langes had the most rel iab le  bones growt h 
pa t t ern for t h e  purposes of t h is s t udy .  T h e  fem ur, 
where  ske l e ta l  grow t h  marks  have t he m os t  l egi l i bi l i t y ,  
w a s  chosen for t h e  w h o l e  sample a n a l y s i s  b u t  u s e  of 
p h a l anges i n  fu t u re eco logical  s r n d i es rema i n s  a rea l  
poss i b i l i t y  i n  t h is spec ies .  A ft e r  remov ing  t h e  m usc les ,  
t h e  fem urs were demineral ised for I 0 hours in  5 per  cent 
d i l u t e  n i t r i c  aci d .  A sect ion measuring about a q ua rt er 
of t h e  lengt h of  t he bone was removed wi t h a razor 
blade at t h e  level of t he d iaphys is .  The bones were cut  
wit h a freezi ng m icrot ome i nt o  sect ions  of t wenty µm 
t h i c k .  They were s ta i ned for t h i r ty  m i n u t es w i t h  
E hr l i ch's  hemat oxy l ine .  T h e  m i d  d iaphys i s  h a d  t h e  
h ighes t  ra t io o f  ex ternal  d iameter  to  medu l l a ry cavi ty  
and s o  provided the bes t  defi n i t ion o f  the  l i nes of 
a rrested gro w t h .  A bout  t wen ty  sect ions  from t h e  m i d  
o f  each ind iv idua l  d i aphys is were m o u n t ed w i t h  

Fig. I Tenerife. Number o f  l izards from each s i t e .  S haded 
a rea = distr ibution of the su bspecies C. g.  eisen1rau11· (38) .  
G. g. gal/01i are i n  the  white area (42) .  

aquamounting medium for microscopic examination. 
For accurate comparison, one s l ide of each individual 
was photographed at the  same m agnification. 

R ESULTS 

The bone structure of G. galloti was s imilar to that 
of many other Lacertidae. In the fem oral or humeral 
diaphysis the periosteal cortex was avascular and 
consisted of a compact parallel-fibred bone tissue.  l n 
some old individuals this bone can become sub­
lamellar.  I n  the  phalanges, the diaphyses were 
com monly composed of a true lamel lar  bone tissue.  
This histological difference (e .g. A mprino, 1 947; 
R icqles, 1 968, 1 975 ,  1 976; Castanet , 1 982; Castane t 
e1 al. , 1 987)  indicated t hat the  rate of bone depos ition 
was lower in the  phalanges than the femur or the 
humerus. 

All three bones showed an endosteal resorption 
process. For juveniles younger than one year and some 
older l izards, th is resorption process was seen in on ly  
one part  of the medullary cavity. On the other part we 
observed the deposition of endosteal and t yp ical 
lamellar bone laid down after a small  bit of resorption 
(e .g .  Fig. 7) .  A typical scal loped cementing resorption 
l ine separated this endosteal bone from the outer peri o­

steal  cortex ( Fig.  6).  This overal l  remodelling process 
l ead  to  t he progressive d rift of the bone centre d u ring  
growt h .  

O n  t h e  reconst ructed s ide ,  t h e  embryonic bone was 
a l ways part ial l y  preserved, even in  t h e  o ldest 
specimen  . As in many ot her  l izards, t h is embryonic 
cortex was made of a rather woven fibred bone t issue 
and appea red clearer ( i . e .  less hematoxyl inophi l i c )  
than t he ot her  par t  of t h e  outer  per iost  ic con ex  
( F igs .  3 ,  4 ,  7) .  H ematoxy l inoph i l ic L ines of A rrest ed 
G ro w t h  ( L A Gs) were present  in every bone and 
s howed different patterns of spatial arrangement 
( F igs . 3, 4,  5, 6,  7) .  For the species used in t h i s  s tudy we 
l ack  data concerning the exact periodicity of t h e  
L A Gs,  b u t  previous studies with tempera te rep t i l es 
and amphibians (e .g. Francil lon, 1 979; B uffren i l ,  1 980; 
Hemelaar, 1 98 1 ;  Castanet ,  1 985 ;  Franci l lon & 
Castanet , 1 985 ;  H utton,  1 986; Zug e! al. , 1 986) have 
shown the annual ( winter) LAG deposit ion. We 
ass u m e  a priori that LAGs were a lso annua l  for 
G. gal/011·. J n  most of the lizards examined, LAGs a re 
general ly well defined.  Somet imes they appear as a 
double l ine (e.g. F ig. 7) which general ly indicates a 
s in gle year of growth ( Castanet, 1 982).  

In a l l  specimens we observed a first dense 
hematoxylinophil ic line surro u nding the embryonic 
bone. There was the s ingle L A G  present for the three 
l izards caught in November (No .  456 - Fig. 2) ,  
February ( No. 96) and M arch (No.  1 60) .  On the basis 
of their size, proportions and date of captu re t hese 
l izards were considered to be less than one year old. We 
presume that in the genus Gallotia, this l ine which 
surrounds the embryonic bone corresponds to a 
hatching line, as in other l izards previously examined 
(e .g .  S mirina, 1 974; Castanet, 1 985). For lizards No. 96 
an d No.  1 60, osteogenesis probably had not started 
when they were caught .  This might explain why the 
L A G  of the first winter ( which p robably corresponds 
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Figs .  2 10 7 Ca//01ia ga//01i S u ccess ive growth  s tages of t h e  
femoral  shaft .  Each p i ct u re except fo r N o .  2a  i s  a t  t h e  same  
magnifica t ion .  F ig .  2a  and  2b L izard No.  456 .  Young  of  t he 
year caught  i n  November. A s i ngle L A G ,  b i r t h  l i n e  ( b l ) , can 
be seen near t he periphery of t he bone .  Fig. 3 No.  l 2, J uveni le 
caught  i n  J u l y  and  proba bly a bout  one year o ld .  The bir t h 
l i n e  a n d  t h i s  of t h e  first w in ter  ca n be seen .  The w h i t e  arrow 
shows t he embryon ic  bone.  Fig.  4 No. 2 1 0,  caught  in A pr i l .  
Three L A G s .  2 t o  3 years o ld  (according t o  the  u n k nown 
bir t h date) .  The t h ird is  very near the periph ery of  the bone. 
E m bryonic  bone is p rese n t .  E ndostea l  bone depos i t ion  i s  j ust 
a t  t h e  begin n i ng (e .  b.) .  Fig .  5 N o .  1 72 ,  caught  i n  M arch ,  
4 L A Gs.  3 to 4 years o l d .  Fig .  6 N o .  4 4 ,  caught  i n  A ugus t .  
4 L A Gs .  A bo u t  4 years o ld .  The  spa t ia l  seq uence of year 
r in gs is d i fferent  from t ha t  of Fig .  5. Bone deposi t ion  is 
probably  not  yet fi n ished at t h e  periphery.  N ot ice an 
add i t iona l  hematoxy l inoph i l ic  l i n e  close to t he L A G  No. 4 
(c i rc le ) .  Fig .  7 No .  3 2 .  One  of t h e  oldes t  l izards caught  i n  
A ugus t .  8 L A Gs can  be cou n t e d .  The  L A G  of t h e  first w in ter 
is t h i n .  The fou r th  a n d  t h e  e igh t  a re doub le .  Th i s  specimen is 
a t  least  a n  8 year old one .  e.b. = endosteal bone. 

to  t h e  t ime  of decreasing growth rate for G. gallon") is 
not yet d is t inct from t h e  bon e  periphery.  

For a l l  the  other i nd iv iduals  which had experienced 
at least one winter and which were caugh t  during t heir  
growth period (A pri l , M ay ,  June . . .  ) ,  t he  bon e  beyond 
t h e  birt h l ine  general ly  showed a LAG which 
corresponds to  t h e  firs t  winter  ( Fig.  3) .  D epend i ng on  
t he ind iv idua l ,  t h e  b i r th  l i n e  a n d  t h e  fi rst  w in ter LAG 
appeared c lose together or wel l separated.  B elow we 
discuss the  sign ificance of t h is feature. In  genera l ,  
L A Gs I t o  3 o r  l t o  4 were separated b y  a l a rge 
i ncrement of bone due to t h e  very fas t  bone growt h 
from the  fi rst t o  t h e  t h ird ( o r  fourth )  year of l i fe.  A fter  

the t h ird or four th  LA G ,  the bone t h i c kness between 
successive LAGs decreased (Fig.  7) .  This phenomenon 
was re lated t o  the d ecrease in  growth rate  of adults .  
This  'break '  in t h e  spat i a l  sequence of the L A G  (e .g .  
Cas tane t ,  l 982)  suggests  tha t  i n  G .  gallori sexual 
maturity i s  reached before t h e  third or the fourth year 
of l ife.  

In t he present sample ,  the oldest l izards (N os. 30; 32) 
showed 8 (or 9 )  L A G s  ( Fig. 7) .  Therefore ecological 
l ongevity of  G. galloti was a t  least  8 or 9 years. 

D l SCU SSJON 

In t he present study we not iced t ha t  the s ize of 
l izards progressively i ncreased w i th  age unt i l  t h e  t hird 
t o  fourth age group ( Fig .  8) .  A ft er t his age we observed 
very l i t t l e  further grow t h  in adul t s .  This i s  a general 
phenomenon in poi.k i lo thermic  an ima l s  after sexual 
maturity.  Jt i n d icates  once again that s ize cannot be a 
rel iable criterion for age determinat ion in l izards . 
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Fig.  8 G rowt h curve of Ga//01ia ga//oti from Tenerife .  Each 
point  corresponds t o  the average of  i nd iv idua l  sizes (and  
s ta ndard deviai ion)  for the  d i fferen t  age  groups est imated by  
s k eletoc hronology. B eca use of t h e  s m a  1 1  n u m ber of  an ima l s  
and  t h e i r  heterogen e i ty  (2  su bspecies, d i fferent a l t i t u des, 
male and fem ales) it was not poss i ble to separate t he 
d ifferent categories. 

One of t h e  m a i n  problems encount ered in t h is 
analys i s  and a lready d i scussed i n  re lat ion to many 
ot her species of l izards was  t h e  pos i t ion  of t h e  first year 
LAG and its rel a t i on t o  the birth l i ne .  The t h ick n ess of 
the  bony crown between t hese two l i nes corresponds to  
t he durat ion  and in tens i ty  of growth during t h is period 
( Pi lorge & Castane t ,  1 98 1 ;  N ouira el al. , 1 982 ;  
Casta n et & G a-St:� 1 9-85) .  A s  growt h stops a t  the  same 
t ime  of t h e  year  (genera l l y  i n  w inter) ,  i t  appeared that  
t h e  hatch ing period was spread t hroughout much of 
t h e  ear ly  spr ing up t o  the  begi n n i ng of autumn.  
H owever, in  few ind iv iduals ,  t h e  dis tance between t he 
birth l ine  and the  firs t  LAG was so l arge that  i t  can 
only correspond to  a ful l  one year growth .  J n  t h ese 
condi t ions ,  t he  fi rst LAG encountered would belong 
to the second season of  a rrest ed growt h .  Two 
hypot h eses can be proposed here. First ,  t h e  l izard was 
hatched la te  in autumn and no osteogenesis occurred 
unt i l  t h e  first  w in ter.  T n  t h i s  s i tuat ion t h e  birth l i ne  and 
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t he fi rs t  w in ter  L A G  w o u l d  be merged.  S econd ,  as  
a l ready s ta ted  before, t h e  LAG of the fi rst winter  i s  
genera l ly  l e s s  d i s t inct t han  t h e  l ater o n e s  (Castanet  & 
G ase,  1 98 5 ;  Cas t i l l a  & Castanet ,  1 986)  or, somet i m es ,  
comple te ly  l a c k ing.  T h i s  phenomenon c o u l d  be re lated 
to t h e  cont i n u at ion of the grow t h  d u ri n g  t h e  fi rs t  
w i n t er, owing t o  t h e  strong i n t r ins ic  growth of t he 
j uv e n i l es ,  which wou l d  reduce t h e  i n fl u ence of t h e  
adverse environmenta l  con d i t ions .  H owever, present ly  
t here are no rigorous da ta  to t est  t hese hypot heses 
a l t h ough based on l izards 1 60,  456 and 96,  t he fi rst 
hypothes is  seems here bet ter  t han t h e  second one .  
Conseq u ent l y ,  for some i nd i v i d ua l s ,  the age oft  h e  first 
L A G  beyond t h e  birth l i n e  rema ins  uncertai n ,  a n d  
t h e i r  a g e  i s  est i m a t ed w i t h  a pot e n t i a l  m a rg in  of error 
of one yea r. 

J n  our  sample ,  ma les  a n d  fema les  from both  h igh  
a n d  low a l t i t u des somet imes  showed doub le  randomly  
d i s t r ibu t ed LAGs ( F ig.  6 ,  7 ) .  The ca use  of t h is rem a i ns 
u ncert a i n  (Castanet , 1 982) .  B riefly ,  i t  may be re lated to 
i nd iv idua l  var i a t i ons,  pathologic  i nj ur y  or atypica l  
c l i m a t i c  con d i t i on s .  I t  may a l so  correspond t o  t wo 
periods of arrest ed growth in a year ( h i b ernat ion  a n d  a 
es t i  vat ion ;  see Caetano et al. , 1 985 ) .  We s u ggest t ha t  
t he l a t ter  exp lana t ion i s  p l a u s i b l e  for at leas t  some 
i n d i v i d u a l s  bu t  confi rmat ion would h ave to  come from 
appropr ia te  fi e ld  observa t ions .  A nyway, t a k ing 
accoun t  of prev ious res u l t s  a n d  experi m e n t a l  da ta  on 
l izards (e .g .  Castanet , 1 982,  1 985 ) ,  each double  LA G 
o bserved can be co u nted as one year wi thout  
a m bigu i t y .  T h u s  t h e  error in  age  de term i n a t ion for 
i n d iv idua l s  w i th  such supp lemen tary L A G s ca nnot  
ex cred one year .  

A not her phenomenon encou ntered i n  t h is  h i s t o­
l og ica l  a n a lys i s  was t h e  great va r iab i l i t y  o f  the  spat i a l  
a rra ngement of t he LAGs .  Two m a i n  patterns were 
recognised .  Jn t he first ea e,  a l l  L A G s  were re l a t i ve ly  
c lose t oget her,  a n d  in  t. h e  second cas e  t hey were very 
far apart . I t  i s  d i fficu l t  t o  i n t erpret t h i s  var i a b i l i ty  
bet ween the  d i fferent ind iv idua l s  and to propose some 
ca usal  rela t ion wi th a ny part i cu lar  para m et er s u ch as  
sex  or environ menta l  cond i t ions because  the  two 
pat t erns a re shown by a rat her eq u a l  n u m ber o f  m a l es 
a n d  fem a l es or l i zards from d i fferent a l t i t u des,  or fro m  
t h e  sou t h  a n d  t he nort h of t he I s l and .  Of course several 
fac tors may exp la in  such feat ures . One of t h em is  t h e  
varia t ion of growth rate d i rect ly  rela t ed t o  t h e  
genet ica l  programme o f  each indiv idu a l .  A n ot h er 
fac tor may be con nected w i t h  t he ind iv idua l  
compet i t i o n  for food.  In  fact ,  i n  Tener ife,  t h e  
p o p u l a t ion dens i ty of G. ga/1011· i s  very h igh  ( i n  some 
pla ces i t  reaches more than 500 i nd iv idua l s/ha),  and 
perhaps the  supp ly  of food is in su ffic ient· for a l l  t h e  
l izards,  a l though M ol ina  Borja  ( 1 98 5 )  fou n d  a great 
food ava i l a bi l i t y  i n  t he areas where h e  s tud ied 
G .  ga/loti. M oreover we must  not  forget t ha t  the  
sample  s t ud ied  here does  not  come from a 
homogenous popu la t ion a n d  fin a l l y  t hat i n  t h e  various  
p laces where t h e  l izards were caugh t ,  the  m icrocl imates 
are often d i fferent and can lead t o  some d i fferences i n  
t h e  ind iv idua l  growt h patterns .  I n  order t o  m a k e  a 
more mean ingfu l  comparison of t he s p a t i a l  seq uence 
o f L AGs,  it wou l d  be be t ter  t o  use  ind iv idua l s  from t h e  
same l oca l i ty .  

The intensity of endosteal resorption i n  Lacena 
/epida (Ch ey Ian,  1 984; Cast i l la  & Cast anet , 1 986) leads 
t o  t h e  removal of the  fi rst and someti m es the second 
L A G ,  and occurs along the e ntire border of t he 
medullary cavity. In G. ga/loti, t h e  endosteal  resorption 
was eccent ri c  (Fig.  7) and conseq u en t ly a part of the  
e m bryon i c  bone  a n d  t h e  L A Gs beyond i t ,  permanent ly  
rema i n  in  some regions t h roughout  l i fe, except  in  
2 per cent  o f  t h e  lizards. In  L.  lepida t h e  endosteal  bone 
depos i t ion  i s  scarce or Jack i n g, but  in  G. gal!oti some 
l a m e l l a r  endostea l  bone occurs just beside t h e  
em bryonic  b o n e  in  a d u l ts .  Th i s  fact i s  i n terest ing 
beca use:  firs t ,  for G. ga/loti no ' ba c k  calcu lat i on '  to 
assess t h e  age of t h e  first l ine encount ered is  necessary 
( e .g .  Castanet & C h ey I a n ,  1 979) ;  second, t h is 
h i s tological  d ifference probably const i t u tes a d is t inct ive 
character  between two species (L. lepida and G. gallot i) 
close ly connected by s ize,  growth  a n d  longevi ty .  This 
c h a racter  could be very useful i n  the case where only 
the bones from foss i l s  specimens wou l d  be ava i lab le .  
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DIEL PATTERNS OF ACTIVITY AND VERTICAL MIGRATION 
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A BSTRACT 

The d ie  I pa t t ern of act iv i ty a nd vert ica l  m igrat ion of common toad t adpoles, Bufo bufo, was s tudied at L lysdinam 
pond in mid-Wales in 1 985 and 1 986 .  Toad t adpoles were predominant ly day-active with peak s  ma in ly  occurri ng 
bet ween 1 400 h and 2000 h. The d i e] act iv i ty pat tern corresponded wi th  da i ly cycles of i l luminat ion and 
t emperatu re, bu t  no  cons is tent  rela t ions h ip wi th the activity of  preda tory dytiscid b eetl es was observed. D ifferences 
between 1 98 5  and 1 986 in the  patt ern of vert ica l m igrat ion wi th in  the water colu m n  could be related to t he  
d ist rib u t ion of submerged pla nts i n  the  pond .  I n  b o t h  years, however, tadpoles occurred ma in ly  i n  the  m iddle  of the 
water co l umn during t h e  day. 

INTRO D U CTION 

A l t hough  i t  is  we l l- k nown tha t  a n ura n tadpoles may 
form aggrega t i o ns around  t he edges of  ponds du r ing 
t he day ,  a n d  disperse in to  deeper water  by n ight  
(M u l l a l l y ,  1 953;  Bei swenger, 1 977;  Beebee, 1 985;  
G riffi t hs,  J 98 5 a )  other aspect s  of  t he i r  d a i ly a ct i v i t y 
p a t t erns have been l i t t l e  studied .  As w e l l  as horizo n t a l  
movemen t s  from shorel i ne  t o  deep w a t e r  wit h i n  a 
p o n d ,  a m p h ib ian l arvae may display vert ica l move­
m en ts w i t h i n  t h e  wat er co lumn,  as demonstra ted by a 
n u m ber of u rodele  l arvae ( A nderson & G ra h a m ,  1 967; 
A n derson & W i l l ia mso n , 1 974; B ra nch & A l t ig , 1 98 1 ;  
H o l omuzk i & Col l ins ,  1 98 3 ) .  D a i l y  cycl es o f  
i l l u m i na t ion  a n d  t empera t u re a r e  cert ai n l y  i m port a n t  
i n regu la t i ng  tadpole act iv i ty pa t terns (Beiswenger, 
1 97 7 ;  Gr iffi t hs , l 985a) ,  but a lso of i mport a nce are t h e  
act iv i ty cycles of poten t i a l  predators.  T h e  l a rvae of 
t iger sa lamanders (Ambys1oma tigrinum) ,  for example,  
a lter t he i r  act iv i ty pat terns in the  presence of dyt iscid 
beet les and t h is may min imise the risk of predat ion 
( H olomuzk i ,  1 986) .  

At L lysdinam pond in mid-Wales co m mon toad  
(Bufo bufo) t adpo les suffer heavy predat ion from both 
l a rva l  and adult grea t d iv ing beet les (Dytiscus 
marginalis), and i n  some years t h e  tadpo l e popu la t ion 
may be el i m ina ted complete ly ( H arrison, 1 98 5 ) .  
Prel i m inary qua l i ta t ive observat ions revealed that  
d ur ing the  dayt ime t adpoles cou ld  be  seen  act ively 
swimming i n  the pond. At n ight ,  however, t h i s  
swimming act iv i ty becam e  much Jess evident ,  wit h 
tadpoles rem a in i ng i mmobile or swimming s h ort 
dis tances only. This suggested that catch es of  t adpoles 
in funnel  t raps might reflect act iv i ty . 

I n  this paper we ( I )  ex am i ne the  die l  act ivity pa tterns 
of  common toad tadpoles in relat ion t o  m icrohabi ta t ,  
i l l um inat ion,  t emperature, and great  diving beet le  
act iv i ty and (2)  describe the strat i ficat ion of t adpoles 
within the water col umn.  

M AT ER I A LS A ND M ETHODS 

L lysd inam Pond ,  Newbridge-on-Wye,  is  s i t uated 
about  2 00m above sea leve l ,  h as a s urface area bf just 
u nder 900m2,  and had a m ax i m u m  depth of0 . 7m a t  t h e  
t i m e  o f t  he  s tudy .  Open water occupies about  300m2 o f  
t h e  t ot a l  surface a r e a  of the p o n d ,  t h e  rem a in ing 600m2 
cons ist ing of Glyceria maxima swamp.  Th e pond is 
comple te ly  surro u nded by a plas t ic  barr ier  and p i t fa l l  
t rap system a n d  t be breedi n g  m igra t ions o f  amph ibians 
a t  t he pond have been moni tored annua l ly  s ince 1 98 1  
(H arrison , er al. , 1 983 ;  G i t t ins ,  1 98 3 ;  G ri ffiths er al. , 
1 986) .  

The s t u dy sites within t he pond were ( J )  t he 
sh o rel ine of t he open water,  whi c h  was a bout  30m in  
lengt h and l ined with Glyceria maxima, and (2) t h e 
deep, cen tral  area of the  pond w h i ch was about  0. 7 111 
deep. f n  1 985 the water colu m n  i n  t h e  deep area of t h e  
pond was  free of  vegeta t i o n .  This  was  a resu l t  of  the  
drought  during the  previous  year, which e l im inated a 
l a rge proportion  of the submerged plants .  B y  1 986,  
h owever, the  vegetat ion had recovered and the water 
col u m n  was occupied by a dense growth o f  submerged 
plants  (main ly  Ceratophyl/um demersum). 

The funnel  t raps described by G riffit hs ( I  985 b) were 
used for monitor ing t a dpole behaviour i n  each of the 
t wo s tudy areas.  In t h e  shore l ine  area,  t en  t raps were 
s u bm erged close to the  edge of t h e  pond in about 
0.  l 5m of  water .  The t raps were spaced ou t  a t  3 m  
in tervals and were posi t ioned s o  tha t  they faced 
t owards the pond centre. In the deep water area 
t adpoles were ea ptured at different depths us ing sets o f  
t hree traps strung t ogeth er vertical ly.  E ach vertica l  set 
consisted of  one trap posit ione d  just  below the water 
surface, the  second at about 0.35m depth, and the third 
rest ing on the pond bottom a t  0. 7m .  Four sets of traps 
were s uspended a bo u t  3 m  apart from a 0 . 2m wide 
wooden bridge whic h  spanned the open water a rea of 
the  pond.  To reduce shading effects,  the traps were 
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suspended from the ends of 0 .5m l o ng rods placed at  
right-angles to t he bridge. A further fou r  sets of traps 
were placed along the  edge of the  Glyceria swamp 
where i t  bordered the open water area.  H ere the traps 
were at tached to canes driven in to  the pond bottom 
with access being ga ined by a d ingy .  This t rappi ng 
regime t herefore covered all the m icrohabitats 
available to tadpoles in the  open water areas of the 
pond. 

Toad tadpole behaviour was t udied during M ay 
and J u ne of J 985 and  1 986 by check ing  t h e  t raps every 
2h over several 24h periods. I n  1 985 these were 27-
28 M ay and 3 1  M ay- I J u ne ( i . e .  two 24h periods),  
whi lst in  1 986 t he dates were 27-28, 29-30 M ay,  J -2 ,  
5-6, 1 1 - 1 2  and 1 7- 1 8  J u ne ( s i x  24h periods) .  Trapping 
sessions conducted after  these dates revealed very few 
tadpoles. The toad tadpoles captured in each t rap were 
counted and then released. It was assumed that the 
n um ber of tadpoles captured per 2h interval renected 
tadpole act ivity over that  period.  Al l  tadpole were at 
Gosner ( 1 960) stages 26-30 and were between 1 5  and 
20mm in length .  

Over the last t hree days of the  tudy  in 1 986 t he 
nu m ber of adult and larval stage great diving beet les ,  
Dytiscus marginalis, captured i n  the  traps was  also 
reco;ded. Measurements of water temperat ure at the  
top and bot  tom oft he water  col u m n  were taken  using a 
mercury thermometer, and i l lum i nat ion at the pond 
surface was recorded us ing a portable i l lum inometer.  

R ES U LTS 

l n  1 985 t he total n u mber of tadpoles capt ured was 
1 429 on day I and 379 on day 3 .  This  dra mat ic  drop in 
numbers over a few days was also observed in I 986.  On 
days I to 5 in this  year the  number of tadpoles capt ured 
ranged from 1 366 ( day 2)  to 3 I 62 (day 5 )  and t hen fel l  
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Fig. 1 Die l  pat terns of act iv i ty  of toad tadpoles in d ifferent 
regions of Llysdinam pond in  1 985 and 1 986.  Percentage 
act ivi ty every 2h was averaged over 2 days ( 1 985)  and 6 days 
( 1 986). 

to only 38  on  day 6 .  I n  tota l ,  J 1 ,643 tadpoles were 
captured over the six days in 1 986.  

Fig .  2 The d ie  I act iv i ty  pal  tern of toad tadpole on days 4 ,  5 
and 6 1 986, displayed in re la t ion to i l l umi nat ion ,  
t empe ra t u re (mean of measurements  taken a t  t h e top and 
bot tom of water  col u m n )  and dyt iscid beet l e  act iv i ty .  
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Fig. 3 D iel pat terns of toad t a dpole s trat i fica t ion in l he 
water  column in 1 985 and 1 986.  The percentage capt ured at  
each level  was averaged over 2 days ( 1 985)  and  5 days ( 1 986). 
Data from day 6 in 1 986 were omi tted from t he ana lysis as 
few t adpoles were cap tured in t h e  deep water area on t h i s  
day.  
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Toad tadpo les were m a i n ly day-act i ve with most 
captu res being made in t h e  aft e rn oon and ear ly  
even ing ( Fig .  I ) . W i t h  the except i o n  of  t h e  shore l i ne  in  
1 985 ,  tadpole  act iv i ty pea k ed between 1 400h-2000h .  
The  overa l l  d ie !  ac t iv i ty  pa t t e rn  appeared to  be  re la t ed 
t o  bot h i l l u m ina t ion  and water t empera t u re ( Fig .  2 ) .  
The  ac t iv i ty  of dyt isc id beet les varied from day t o  day  
and  was ne it her  c lear ly noct urna l  or  d iurna l .  N o  c l ear  
re l a t ionsh i p  between 1adpo le  act iv i ty  and dyt i sc id  
beet le  act iv i 1y  was  eviden t .  H owever, on a l l  t h ree days 
beet l e  cap1 ures were h igh from 2400h-0400 h ,  a per iod 
when t here was l i 1 t l e t adpole  act iv i ty .  

In  t he deep water areas most  t adpo les were captured 
in t h e  m idd l e  of t h e  water  col u m n  i n  bo1 h years 
( F ig.  3).  How ever, t here were c lear d i fferences between 
t he t wo years in the pa l t ern of vert ica l  m igra t i on .  I n  
1 9 85 ! h e  major i ty  o f  t adpoles spent t h e  n i g h t  o n  t he 
bot tom of t h e  pond .  Dur ing  t h e  morn ing  t here 
appeared t o  be a steady m igra t i on i n t o  the m i d d l e  of 
t he water  col u m n  where most tadpo les s tayed u n t i l  
n i g h 1 fa l l .  This  was fo l lowed b y  a ret u rn  t o  t h e  pond 
bot t om .  The  fo l l owing year ,  however, t a dpo les were 
captured in  m idwater t h roughout  t h e  diel  cycle and a 
c lear  pa t t ern of vert i ca l  m igrat ion was m u c h  l ess 
eviden \ .  Ra t her more t adpoles were captured at t h e  top  
o f  t h e wa ter  col umn i n  1 986 than  i n  1 98 5  a l t hough t h is 
s u rfa ce-d w e l l i n g  behaviour was largely confined to t h e  
a ft ernoon hours .  

Over days 4-6 in 1 986 the percentage o f  tadpoles 
ea p t  u r ed i n  deep water  ranged from 3 2  t o  9 1  per  cen t ,  
w h i l s t  t ha t  o f  beet les was 48-69 per cen t .  T h u s  t h e  
d i s t r ibu t ion o f  bot h tadpo les a n d  beet l es be1 ween 
sh orel i n e  a n d  deep water varied fro m day to day and  
n o  cons i s t en t  re la t ionsh ip  bet ween t he two cou ld  be 
es tab l ished.  The n u m ber of beet l es capt u red  was too 
low t o  obt a i n  a meani ngfu l  p i ct u re o f  t he i r  d i e l ver t i ca l  
d ist r ibut ion pat tern .  H owever, poo l i ng d a t a  over days 
4-6 sugges ted t ha t  beet l es preferred t h e  u pp er layers of 
the water co l u m n  bot h by day and by n i g h t  (Table  1 ) ,  
a l t hough s ta t i s t ical  ana lyses o f  t hese d a t a  showed t h a t  
t h is t rend was n o t  s ign ificant . 

D A Y  
(0600-2000h) 

N I G H T 
( 2200-040011 ) 

N 

45 

1 9  

Top 

36% 

63% 

Midd le  B ot t o m 

36% 29% 

2 J % 1 6% 

TA B LE I :  The d i s r r ibu t ion of Dytiscus margina/is ( l a rva l  a n d  
a d u l t  beet l es pooled) w i t h i n  t h e  water co lumn d u r ing day t i m e  
a n d  n i g h t - t ime .  D i fferences bet ween t h e  t hree reg ions  were 
no t  sign i ficant  ( Friedman 1wo-way a na lyses of var iance: day, 
X2r = 1 . 3 I ,  P<0.05 ;  n igh t ,  X2r = 4 .87 ,  P<0.05) .  

D I SCU S S I O N  

There i s  s o m e  evidence 1 0  suggest t ha t  toad t adpoles 
may display changes i n  m i crohab i ta t  se lect i o n  d u r i ng 
development ( Beebee, 1 985 ) .  Unfortu n ate ly ,  i t  was not  
poss ib le  to moni tor onto genet i c  changes i n  behaviour 
d u r i ng the p resent s tudy as no tadpoles  beyond Gasner 

( 1 960) s tage 30 were captured in  the pond in  e i ther 
year.  Th is was a res u l t  of  the dramat i c  drop in tadpole 
n um bers o bserved in J une  of bot h  years.  A possible 
exp lanat ion  for t hi s  dec l i n e  i s  t h at t ad poles move in to  
the  swamp a rea o f  t he p o n d  a t  t h i s  s tage of  
development and are  consequ e n t l y  no longer  cap t u red 
around t h e  shore l i n e  a nd i n  deep w a t er .  H owever, 
t raps p laced in t he swamp a fter  t h e  decl i n e  cap t u red 
very few tadpoles .  A m u ch more l i ke ly  cause of  the  
drop  i n  n u mbers i s  predat i on by  invertebrates ,  
especia l l y  by larvae and adu l ts of  t h e  beet l e  Dy1iscus 
marginalis. These have been s hown t o  be respons ib le  
for heavy predat ion  of  toad t adpoles i n  the  pond over 
short periods of t ime  ( Harrison,  1 98 5 ) .  

Occasiona l ly ,  cert a i n  t raps captur e d  except iona l ly  
l a rge n u m bers of t adpoles w h i ch may have reflected 
social  aggregat ions .  A s  t hese aggrega t i ons would have 
resu l ted in  fewer tadpoles avai l ab le  for captu re at other  
t rap s i t es i t  seems u n l i ke ly that  the  dayti m e  peaks  in  
t rap cat ches were a reflect ion  of  aggregat ion  ra ther 
t h a n  genera l  swi m m i ng act ivi t y .  I ndeed,  t h e  d ie!  
pat tern of t ra p  cat ches corresponds w i t h  d i rect 
observat ions  of tadpo le  act iv i ty  d u r i ng t he day and  t he 
n igh t .  

U n l i k e  sa lamander l a rvae ( H o lomuzk i ,  1 986) ,  t he 
act iv i t y  pat tern of t oad t adpoles was no t  c learly re lated 
t o  t hat  of great diving beet l es .  A l t hough the present 
s tudy was based on fa i rl y  low captu res of bee t l es ,  and 
la rva l and a d u l t  bee t l es were pooled in  the a n alysis ,  t h e  
c l ea r-cut  noct urnal/l i t tora l  h a b i t s  observed i n  o ther 
species of Dytiscus ( A i ken ,  1 986 ;  H o lomuzk i ,  1 986) 
were no t  apparent  in D. marginalis a t  Llysd i nam pond.  

Wassersug ( 1 97 3 )  descr i bes two modes o f  school ing 
i n  t adpoles .  The 'Xenopus' mode cons is t s  of  
aggregat ions  of polar ised tadpo l es i n  m idwater ,  and 
cont rasts w i th  the  'Buja ' mode,  i n  w h i ch tadpoles form 
up in sha l lows or on t h e  pond bot t o m .  These two 
modes of schoo l ing  ca n be re la ted to t h e  morpho logy , 
pa la tab i l i t y  and ecology of t a d poles ,  and w hereas 
X enopus are wel l-adapted for fi l t er-feed ing in midwater,  
Bufo t adpoles are bet t er adapted for a scaveng ing 
ex is tence on the  pond bot tom ( Wassersug, 1 973 ) .  J t  
was  not  c lear  wh et her  t h e  t oad t a dpol es o bserved i n  
m idwat er i n  L lysd inam pond were i n  polarised 
schools ,  but i n  other respects t he ir  dayt ime behaviour  
conformed more cl osely t o  t h e Xenopus mode.  
l nt erest ing ly ,  t h ese resu l t s  are consis t ent  with t hose 
ob ta ined on Bufo americanus by H eyer  ( 1 976) ,  who 
n et ted most  t adpoles i n  the  m i d d l e  of the  water  co l u m n  
d u r i n g  t .J1e  day. 

The c lear d ifference between 1 98 5  a n d  1 986 in t h e  
d i e l  pat tern o f  ver t i ca l  m igrat ion  o f  tadpo les can be 
related t o  t h e  growt h of submerged p lants  over t he two 
years .  I n  1 985 ,  when t h e  water col u m n  was devoid of 
veget a t ion ,  toad t adpoles cou l d  rest at night on ly  
amongst  dead  vegeta t i o n  on the  bot tom of t he pond .  I n  
1 986 ,  h owever, i nact ive  tadpoles cou l d  rest a mongst  
the  vegetat i o n  wh ich fi l l ed the  water  co lumn ,  and  t h u s  
ma in ta in  t he i r  m idwater  pos i t ion  t h rough o u t  t h e  d i e l  
cycle (even d u r i n g  t h is 'rest ing'  per iod,  h owever, 
tadpo les are not  complete ly  i nac t i ve and m a y  
i nt e rsperse long per iods of  i mmob i l i ty  w i th  short  
swims) .  
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Why tadpoles should congregate at  a l l  in  m idwater 
is l ess clear. Salamander larvae have been o bserved to 
s trat ify at  t he pond surface and on the pond bottom at 
different phases of the diel cycle ( H olomuzki & 
Co l l i ns ,  1 983) .  M ovement i n t o  warm water at t h e  
s urface o r  i n  shallows during t h e  dayt ime m a y  be a 
res u l t  of behavi o u ral  t hermoregu lat ion,  whi lst strat i fi­
c a t io n  at t h e  s u rface at  night  may be associated w i t h  
feeding a c t i v i t y  ( A n derson & G raham, 1 967; H ea t h ,  
1 975 ;  Branch & A lt ig, 1 98 1 ) . I f  behavioural  
t hermoregulat ion was t ak i ng p la ce i n  Llysdinam pond,  
toad t a d poles would  be expected to  congregate at  the 
h ighest t e m pera t u res ( i . e .  shorel ine a n d  pond s u rface) 
d uring t h e  day, but t h i s  was not t he case. M ost toad 
tadpole act ivity i s  proba bly concerned with fi l t er­
feeding a n d  vert ica l  m igra t i ons may fol l o w  t hose of t h e  
p l a n k t on u pon w h i c h  t h e  t a d poles feed.  I n deed , t h e  
m idwater congrega t i o n  o bserved at  L l ysdi n a m  p o n d  i s  
consistent wi th  a s t u d y  of  t o a d  tadpole g u t  contents  
from the  same s i te ,  w h ich h as s h o w n  that  t h e  d iet 
conta i ns a high proport ion of mot i l e  p l a n k t o n  b u t  l it t l e 
det r i t u s  ( H arrison, 1 985) .  A lt ernat ively,  as Buja bufo 
t ad poles are lu ngless u n t i l  j ust  before met a m orphosis 
(S avage, 1 96 1 ) , variations in  oxygen con cen t ra t ion 
wit h i n  the  water  col u m n  may i n fl u e n ce act iv i ty .  
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A BSTR A CT 

C ryosurgery has been used for t h e  t reat ment  of s k i n  disorders in t wo l izards and a che lon i a n .  The  resu l ts  of t h is 
a nd a previous app l ica t ion ( G reen e1 al. , 1 97 7 )  ind ica t e  t hat cryot herapy may be a va luab le  s u rgical  tool  for use' in  
rep t i l ian veterinary science.  

I NTRODUCTION 

Cryosurgical t echniq ues, employ ing u l t ra low 
temperatu res t o  dest roy unwanted t i ss u es ,  h ave a long 
h ist ory in  medical  pract ice ( B a xter,  J 977a ;  l 977b) .  
R eports ,  h owever, of t heir  appl icat ion i n  the  t r eat men t  
of rept i l ian a i l ments a re  ra re  indeed.  I n  a rev iew 
( Cooper & J a  ck son, 1 98 1 )  only a s ingle reference was 
ci ted for the use of cryotherapy on a rept i l e  ( G reen 
et al. , 1 977 ) .  This dealt wit h t h e  t reat ment  of necro t i c  
s tomat i t is i n  a pyt hon (Python 1110/urus) us ing  a l iqu id  
n i t rogen spray (see Baxter ,  1 977b) .  The  resu l t s  of  t h is 
appl icat i on lead the au t hors t o  suggest cryot herapy as 
a n  a l t ernat ive to convent iona l· methods for t reat ing  
c h ron ic  lesions of the  rep t i l i an  i n t egu ment  and buccal 
cav i ty .  H owever, si nce t h is report no furt h er 
descrip t ions of cryosu rgery on rep t i l es have appeared 
in t h e  l i terature ,  a l t hough Frye ( l 98 l )  suggested t he 
poss ib i l i t y  of us ing cryosurgery i n  cases where exc is ion 
is i n a ppropriat e .  This  paper gives det a i l s  of  t h e  case 
h ist or ies of i ts  use i n  the t rea t m ent  of s k i n  d i sorders in  
t wo l i zards and a chelonian .  

M ETHODS AND M A TE R I A LS 

S PECI M ENS 
1 .  Lacer/a viridis. A fem a le about 4 . 5  years old was 

brought t o  the surgery of J . S . B .  w i t h a l a rg e  i rr eg u l a r  
k erat in ised growth i m mediate ly anter ior  t o  t h e  l e ft 
shoulder  area ( Fig.  1 a ) .  The growth resembled t h e  
p a p i l lomas o f  t h e  s k i n  often observed i n  L acert i d  
l iza rds (e .g .  K och,  1 904; S to lk ,  1 95 3 ;  L op ez & B ons,  
1 98 1  ) ,  a l t h ough t he i r  most  frequ e n t  occu rrence 
appears to be i n  L. viridis (B lanchard,  1 890;  P i e h n ,  
1 9 1  l ;  Schnabel ,  1 954;  R aynaud & A dr i a n ,  1 976 ;  
H arshbarger, 1 965- 1 977 ) .  The owner  report ed  that  i t  
has developed over  t h e  previous 1 8  months  and  was  
now at  t h e  s tage where  i t  ser iously i n t e rferred w i t h  
l i m b  movement .  

2 .  Tupinambis teguixin. An adu l t  fem a l e  o n  d i sp lay a t  
t h e  D epartment  o f  P u r e  & A pp li ed Zoology, 
U n iversity of L eeds with a s k in les ion on the l eft rear 
foot .  This  had been present for approx imate ly  3 weeks  
and the  only previous t rea tment  had been t h e  
protect ion o f  the  area from abrasion b y  the  appl icat ion 

of a n  e i as topiast d ress i ng. There was a sca le  defic i t  of  
appro x i m ately l Om m  x 8mm, expos ing u nder ly ing 
t issue and the  margins of t h e  les ion were u nder-ru n .  
The  whole  area ex h i b i t ed a degree of ' sub-cutaneous' 
oedem a.  

3 . Terrapene carolina. A female  belonging t o  a local 
pet  shop had a tense, i n flamed ,  dome-shaped swe l l ing,  
some l Om m  in d ia meter  ( Fig.  2a) .  This was d iagnosed 
to be t h e  resul t  of an i n fect ion beh ind  t h e  tympanic  
m e m b rane  of the  ear and i s  a common si te for a bscess 
format ion  in che lon ians  (J ackson & L a wrence, 1 985) .  

A N A ESTH ETlC TECH N IQUE 

I .  L .  viridis. A fter  a tot a l l y  i neffect ive a t tempt  t o  
pro d u ce anaest h esia w i th  a n  0 .05ml/m i nj ect ion of 
Saffan ( A lphaxalone/ A l p h a dolone  l 5 mh m/kgm) t h e  
a n i m a l  was anaest het ised using t h e  gas b o x  pr inciple .  
A ga uze swab was t aped to the l i d  ofa  cy l i n d r ical  glass 
cont a i ner.  Four m i l l i l i t res of  F l u ot h a n e  was i njected 
i n t o  t h is pa d and the lid replaced over t h e  chamber int o 
wh ich  t h e  l izard was placed.  Be tween 5-8 minu tes t h e  
a n i m a l  was deeply sedated a n d  eas i ly  handl ed b u t  st i l l  
showed s igns o f  p a i n  sensa t i o n .  W e  replaced t he l izard 
i n  t h e  chamber and a n  overa l l  t i me of a round 1 9  
m i n utes was assessed t o  be s u ffic ient  for surgical 
anaest hes ia .  H owever ,  when cryosurgery was com­
menced i t  was found necessary to ' top-up' the  
anaes the t i c  by  p lac ing  the  end o f a  corrugat ed gas-p ipe 
over t he l i zard's nose and feed ing  it a 3 per cent 
concentrat ion of F luothane in  a 5 0/50 oxygen n i t rous 
oxide m ix tu re. 

2 .  T. tequixin. Due to the  super fic ia l  nat u re of t h i s  
les ion and  t h e  re la t ive ly p a i n-free  qua l i t ies of  
cryosurg ica l  t echn ique ,  it was decided that  n o  
ana esth es ia  was requ i red i n  th i s  case.  

3.  T. carolina. W it h  due cons iderat ion to the site of 
the lesion and i ts  inaccess i bi l i ty  i f  the an ima l  shou ld  
w i thdraw in to  i t s  she l l ,  adequate  a naesthesi a  was 
deemed essent ia l .  The an ima l  weighed 290 grams and 
us ing  a recommended dose of 60mg/ k g  (G reen , 1 979) 
20mgm of K etamine  w as i njected,  us ing a t wenty-five 
gauge needle ,  i n t o  t h e  quadr iceps group of muscles.  
A l t h ough adequate  sedat i o n  was ach ieved by 30 
m i n u t es,  depth of  anaesthesia for s urgical  purposes 
was reached at closer to 69 m i n u t es post a d m i n istrat ion . 
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R ES U LTS 

L. viridis. A PCG 1 2  n i t rous ox ide cryo-gun was 
used to  freeze the flat tened base of t h e  t u mour as it was 
pul led lateral ly.  Three freeze-thaw cycles were effecti ve 
i n  achieving an ice-bal l  across t h e  whole t issue 
th ickness of the base and extending one or two mm 
into normal body t issue .  A fter  freezing, a crack 
appeared i n  the  upper part of t h e  tu mour mak ing i t  
possib le  to de-bulk  t h e  u pperth ird .  T h e  port ion 
removed was submit t ed for pathology. The exposed 
base bled a l i t t l e  too freely and fol lowing fur ther 
freezes wi th  a flat faced cryoprobe, t he base was l igated 
to prevent post-operat ive h aemorrhage. 

H ea l ing was complete i n  approx imately 4 weeks 
leav i ng only a fine grey scar ( Fig. 1 ) .  Pat ho logy 
confirmed the lesion to be a papi l loma wi th  heavy 
surface k erat inisat ion .  A ft er approximately six months, 
the patient was represented with a smal l  regrowth of 
the papi l loma on the  upper r ight q uadrant of the 
scarred area. The lesion measured 2mm i n  diameter 
and because of the  pa infree propert ies of cryosurgical 
technique i n  mos t  s i tuat ions we were able to  refreeze 
the  regrowth without  anaesthesia,  apply ing a t riple 
freeze-t haw cycle us ing a n it rous  oxide cryogun (PCG 
1 2) .  Jn the ensuing t h ree months t here has been no 
recurrence but  s ince cryosurgery can be repeated 
wi thout  major st ress to t h e  an i mal the  technique 1s 
admirably sui ted to the t reat ment  of such cases. 

a 

Fig .  I A green lizard Lacena viridis wi th  a l arge kera t in ised 
papilloma (Fig. I a). The same animal is shown post-operatively 
in Fig. I b; only a minor grey scar marks the area oft he lesion. 

T. tequixin. A flat probe on the Spembly PCG 1 2  
cryo-gu n was used t o  dest roy t h e  diseased and 
damaged t i ssue .  The moist  nature of the  lesion made 
th is  freezing techn ique  most  effect ive .  Four freeze­
t haw cycles were used and following the  final thaw, the  
area was dusted with an  ant iseptic powder to prevent 
surface infect ion.  Final ly t he lesion was lightly covered 
wi th  a gauze and elastoplast dressing. Four days after 
the  operat ion t h e  lesion had formed a dry black eschar 
and from then healing proceeded uneventfu l ly  to 
complet ion in  approxi mately fou r  weeks .  There was no 
pat hological examinat ion m ade of th is  l es ion.  The 
l izard has been regularly examined over a n ine month  
post-operat ive period and there has  been no recurrence 
at t h e  site of t h e  original les ion.  

T. caro/ina. The swel l i ng was i ncised and a caseous 
core toget her with a quant i ty  of white creamy puru lent  
fl u id  expressed ( Fig. 2 ) .  Swabs were ta ken from inside 
the  resul t ing cavity and submi t ted for bacteriological 
exa minat ion.  In the majori ty  of cases, the express ion of 
puru l ent material t ogether with t h e  establ ishment of 
adequate  drai nage would be sufficient to ach ieve a 
cure. J n  th i s  case however, it was decided that the 
carefu 1 application of a n i t rous oxide cryoprobe would 
contr ibute  s ignificant ly to the outcome. Certaif) ly ,  the 
cryo-su rgical des t ru ct ion of the infected l i ning of the 
cavity .and the res u lt an t  pain reducing qual i t ies of the 
technique cou ld only be usefu l .  This was done us ing 
fou r  freeze-thaw cycles wi th  the PCG 1 2  cryo-gu n .  

Fig. 2 A tense inflamed l esion on the  neck of  a T. carofina 
(2a). The lesion i mmediately after drainage and t reatment by 
cryosurgery (2b).  
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H ealing was again uneventfu l  and  the bacteriological 
examinat ion revealed a profuse  growth of beta­
haemolytic s treptococc i .  

D I SCUSS I ON 

H istorical ly the  development and  appl icat ion of 
cryo-surgery in veterinary science has concerned the 
physio logy of endothermic vertebrates, however, as 
t he resu l t s  of this  paper and the  previous appl ica t ion  
by  G reen et al. , ( J 977) show it would  appear t o  be  a n  
a t t ract i ve addit ion to the  armoury agai nst accessible 
disease condi t ions of repti les.  Cryo-su rgery, the use of 
extremely low temperat ures to destroy undesirable 
t issue,  can basically be considered to  be noth ing more 
or less t h a n  cont ro l led frost-bite in which the  frozen 
t issue d ies and is  removed by t h e  body i tse lf - eith er 
by absorpt ion or slough i ng ( usual ly  t h e  lat ter). With  i ts  
q ual i t ies of virt ual ly pain less applicat ion,  lack of 
haemorrhage, m inimal scarring and no need for 
st i t ches it could have a lot to offer the  field of rept i l ian  
medicine, thus  for ectot herms and endotherms, i t  may 
be the  cold cure that real ly  works. 
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A BSTRACT 

The a im of this study was to describe and compare shel l  structure of parchment-she l led and rigid-shel led eggs of 
gekkonid l izards. Scanning electron microscopy was used t o  describe eggshe l l s  of two,species of geck o  of t h e  
Eublepharinae a n d  four species of Gekkoninae. Eggshell from a la  cert id  l izard was a l s o  described . T h e  cryst a l l ine 
nature of calcium carbonate deposits on eggshells was studied; an aragonit ic  chelonian eggshe l l  was used as a 
control. Eublepharine eggshells consist mainly of a fibrous membrane with an external layer of calcit e. They 
resembled lacertid and other lizard she l ls described previously.  G e kk onine eggshe l ls have th in ,  fibrous shel l  
membranes overlain by a relatively t h ick layer o f  calc i te  and resemble other  hard-shel led geck o eggs reported 
elsewhere. A l ayer of fibres in a matrix coats t h e  external surface of the calcit e layer of gekkonine shel ls .  S h e l l  
structure i s  considered important in det erm in ing water loss from gecko eggs, nest l ocal ion  and em bryonic 
development. A more detailed examina t ion of the reproductive biology of gek k onid eggs could help i n  assess i ng t h e  
role o f  t h e  shell in repti l ian development.  

I NTRODUCTION 

In recent years interest in the structure of rept i l ian 
eggshel ls has increased for two reasons. Firs t ,  t h e  shei l 
has been used as a taxonomic character ( B ustard,  
1 968) that may also shed some light on t he  
evolutionary relationships between rept iles and birds 
(Erben, 1 970; Packard and Packard, 1 980).  S econd ,  
studies on gas exchange of reptil ian eggs h ave l e d  t o  
research into t h e  role of t h e  shel l  during incubation 
(Packard, Taigen, Packard and S h u m a n ,  1 979; 
Packard, Packard and Boardman,  I 982a; Packard, 
B urns, H irsch and Packard, l 982b ) .  

Oviparous l izards and snakes (Squamata)  typically 
lay soft ,  parchment-shelled eggs ( Hal liday and Adler, 
1 986). Gekkonid lizards are exceptional in this respect; 
lizards in two sub-families of t he Gekkonidae 
(Gekkoninae and Sphaerodacty linae) lay rigid-shelled 
eggs ( Bustard, 1 968), whereas in  t he o ther sub-families 
(Eublepharinae and Diplodacty l inae) soft-shelled eggs 
are l ai d  ( K luge, 1 967; Bustard, 1 968 ;  Werner, 1 972).  
Publ ished descriptions of eggshell  struct ures have been 
l imited to the Gekkoninae. L ight microscopy was used 
to s tudy Lepidodactylus lugubris eggshells (Schmidt,  
1 943) and scanning electron m icroscopy was used to 
examine the shell structure of Tarento/a mauritanica 
(Krampitz, Erben and Kriesten, 1 972; Erben and 
N ewesley, 1 972) and Hemidactylus turcicus (Packard, 
et al., 1 982a). This study was therefore undertaken to 
provide information on the eggshell struct ure of 
representatives of two sub-families of gekkonid 
l izards, t he previously unstudied Eublepharinae with 
soft shell s  and the Gekkoninae with hard shel ls .  I t was 

hoped tha t  t h i s  would provide  inform at ion on t he 
funct ional and t axonomic s ignificance of she l l  
struct u re in  t h e  Gek konidae.  

M ATER I A LS A N D  M ETHODS 

Eggshel ls  from six species of geck o were examined. 
For comparison, a single representat ive of the fam ily 
Lacertidae and a single species of the Test udinidae 
were a lso s tu died.  The detai ls  of the  sources of t hese 
eggs, t h e  species represented and the nu mber of 
specimens avai lable are shown in Table I .  

T.he part icu lar crysta l  morph of any CaC0 3 present 
i n  the shell was ident ified by us ing M eigen 's reaction 
( Deer, H owie and Zussman,  1 966).  This involves 
boiling shell fragments for two minutes in 0 .5  mole. J - 1  
coba l t  ni trate (Co(N03)2) .  I n  t h is reagent a ragonite 
s ta ins a pink-purple colour wh ereas ca lci te remains 
colourless. 

Eggshe l l  structure was s tudied by immersing 
fragments in  l i qu id  ni trogen for a few seconds so tha t  
they could  easi ly be  fractured. Two pieces of each she l l  
were mounted on brass st u bs us ing  a conduct ive si lver 
paint  and were sputter-coated in vacuo with gold 
( Edwards S 1 SOB).  The she l ls were then examined using 
a JEOL T300 scanning electron microscope at an 
operat ing voltage of 25 or 30 k i lovolt s .  The effect of 
acid t reatment to remove any calc ium carbonate was 
assessed by etching fragments of Eublepharis and 
Chondrodact ylus sheff 

In  I mole.J - 1  hydrochloric acid for 
th i rty seconds prior to examinat ion.  



Fami ly  S u b-fa m i l y  S pecies 

Gek k on idae 
E u blephar i nae 

N 

Eublepharis macularius 1 2  

Hemi1heconyx caudicinc1us 8 

Gekkon inae  

ChondrodaC1y/us angulifer 6 

Gehyra mutilarn 

G E K K O N I D  EGGS H E L L  STR U CTUR E  

E m bryo 

H at ched 

H at ched 

H at ched 

Dead 

S o urce of eggs 

The Zoologica l S ociety of London,  Eng land .  

The Zoologica l  S ociety of  London,  England .  

The Zoologi ca l  Soc ie ty  of London,  Eng land .  

The Jersey W i l d l i fe Preserva t ion Trust ,  Channe l  I s la nds, U . K . 

23 1 

Phe/suma agalegae ? B ri t i s h  M u seum ( N a t u r a l  H ist ory) ,  L ondon .  ( S peci men N u m ber B M N H  

1 97 5 .  1 1 65) .  

Phe/suma gue111heri Dead The Jersey W i l d li fe Preserva t i on Trus t ,  Cha nne l  I s l a nds,  U . K .  

Lacer t idae 
Lacerta lepida 4 H a t ch ed The Zoologica l Society of London,  Eng land .  

Chelonia 
Teswd in idae 

Geoche/one radia1a T n fert . The J ersey W i l d l i fe Preserva t ion  Trust , C h a n ne l  I s l an ds,  U .K . 

N = N u m ber of speci mens;  H a t ched = E m bryo h a t c hed s uccessfu l l y ;  Dead = E m bryo dead i n  s h e l l  a t  l a t e  s tage of incuba t ion ;  
1 nfert . = I n fert i le egg. 

TA B L E  I :  Deta i l s  of t h e  n u m bers and  sou rces of l izard and  tortoise  eggs he l l s  used for s tructura l  examina t ion .  

R ES U LTS 

S t a i n i n g  eggs he! Is w i t h  cobal t  n i t ra t e  s howed t hat  a I I  
t he s h e l l s  i n  t h e  s t u dy were ca l c i t i c  exce pt t ha t  of t he 
t o rt oise,  Geoche/one radiGTa, which  was aragon i t i c  
t h u s  serv ing a s  a con t ro l  for t h e  me thod .  

The s tructure of eggshe l l s  from eu b l ephar ine geck os 
(Eublepharis macularius and Hemitheconyx caudi­
cinatus) were s im i l a r  a n d  resemb led  t h a t  of Lacena 
lepida. The b u l k  of t he s h e l l  (90 per cent  of t h e  t o t a l  
t h i ck ness) cons is ts  o f  fi bres ( P l a t e s  J a  a n d  I b) w i t h  a 
t h i n  layer o f  calci te ,  l ess t ha n  I Oµm t h i c k ,  on t he shel l ' s  
o u t er su rface. The external  appearance of the ca l c i u m  
carbonate d i ffers among t h e  t hree species ;  t h e  ca lc i te  i s  
nodu lar  i n  Eub!epharis a n d  Lacer t a  s h e l l s  ( Pl a t e  I a and  
I b)  w here as p l aques of  ca l c i t e  a re seen  on 
Hemitheconyx eggshe l l s  (P la te  1 c) .  H yd roch lor i c  ac id  

l a  

removed t h e  m i n e ra l ised l ayer  from t he sur face of 
Eubfepharis she l l s  exposing t he u pper s ur face of t he 
fi brous  l ayer ( P l a t e  l d ) .  

l b  

J c  
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l d  

P l a t e  I .  Scanning e lec t ron m icrographs of  eggs he l l s  from 
geckos o f t  he  E u blephar inae .  a ge c k o  of  t h e  G e k k on inae  a n d  
a l izard o f t  he  Lacen idae .  ( a )  Eublepharis m ac11/arius. S u rface 
of a rad ia l  fra c1 u re showing t h e  fi brous membrane (SM ) 
wh ich forms 1 he bu l k  of t h e  she l l .  The o u 1 e r  she l l su rface is 
covered by a t h i n  layer of ca lcite ( C L ) .  ( b) Lacena lepida. 
Surface of a rad ia l  fract u re showing  t he fi brous s h e l l  
membrane (SM) and 1 he t h in l a y e r  of ca lc i l e ( C L )  cover i n g  
the  ou ter she l l  su rface. ( c )  /-lemi!l1econyx caudicina1us. O u t e r  
she l l  s u r face shwoing ca lc i te  depos i t s .  (d )  Eublepharis 
macu/arius. Outer  she l l  s urface a fte r  e lch ing  i n  I mole . 1 · t  
hydroch l o r i c  aci d for 3 0  seconds.  The fibres o f  the  s h e l l  
mem brane are  exposed. (e )  Chondrodac1ylus anguli(er. 
R a d i a l  frac t u re of  t h e  eggsh e l l  s howing t he fibrous she l l  
m em brane ( S M )  w h i c h  i s  d etached from the  ca lc i t e  l ayer  
(CL) .  The a rrows ind icate h ol es i n  the  t o p  o f t  h e  ca lc i t e  layer .  
There is an external  cover ing of fi bres i n  a sphe r u l i t i c  m a t r i x  
( S F L ). S c a l e  bars = SOµm .  

The eggshe l l  s truct ure of t  he  four g e k  kon i n e  l izards,  
ChondrodaC1y!us angulifer, Phelsuma agalegae, 
P. guentheri and Cehyra mu1ila1a are s hown tn 
P la tes l e  and 2 .  Each she l l  cons is ts  of a fi brous s h e l l  
membrane ( 1 0  p e r  cent o f  tota l  she l l  t h ick ness) covered 
by a n  outer,  cont i n uous layer of  ca lc i te .  A l ayer of 
fi bres in  an un ident ified matrix i s  found  ex t ern a l  to  t h e  
ca l c i t e  l ayer. The con t i nu i ty  of t h e  ca lc i te  l ayer o f  
Chondrodactyfus angu/1fer s h e l l s  i s  broken b y  series of  
ho les near  the  ex ternal  su rface of  t he s h e l l  ( P l at e  l e) .  
The external surface of Chondrodacty/us eggshe l l  is 
covered by n u merous fi bres e m bedded in  a m atr ix  
( P la te  2a) .  E tch ing  t h e  she l l  wi t h hydroch loric ac id  
s imply removed a superfic ia l  layer  of the  mat r ix 
exposing t he su rface of the fibres ( P la t e  2 b) .  The 
surface l ayer of Phelsuma agalegae she l l  consis ts  
l a rgely of t he matr ix  (P la te  2c) .  F i bres appear t o  be 

m ore n u merous in  Phelsuma guentheri shel ls  and can 
be seen pro t u d i n g  from the su rface layer  in  Plate 2d.  
The surface layer of  Cehyra mu1ilata shel l  is not 
i l l us tra ted but  i t  has  few fi bres and consists  ma in ly  of  
matr i x .  The ca lc i t e  l ayer  of Gehyra has  nu merous 
crystals  covering its int ernal  su rface ( P la te  2f) .  

2a 

2c 

2d 
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2e 

2f 

P l a t e  2 .  Scann ing  e lect ron micrographs  of gek k o n i n e  
eggshe l l s .  ( a )  Chondrodaoylus angulifer . T h e  su rface o f  a 
s h e l l  sh owing fi bres em bedded i n  a m a t r i x .  ( b) Chondro­
dactylus ongulifer. Outer  she l l  su rface after e tch ing  i n  1 mole . 1 - 1 

hydroch lor ic  ac id for 30 seconds .  (c) Phelsuma aga!egoe. 
R a d ia l  s h e l l  fra ct u re showing t h e  u pper s u rface of t h e  s h e l l  
m e m brane  (S M ) . T h i s  i s  covered by a l ayer  o f  ca lc i t e  ( C L )  
wh ich  is covered i n  t u rn  by a s u r face fi brous  l a y e r  ( S F L ) . (d )  
Phe!suma gue111heri. R a  d ia l  eggshel l frac t u re s h owi n g  the  
fi brous s h e l l  membrane (S M )  benea t h  t h e  ca lc i t e  l ayer  (CL) .  
The  ar rows show t he fi bres t h a t  prot rude  from t h e  s u rface 
fi brous layer  ( S F L ) . ( e )  Cehyro muti/010. R a d i a l  fra cture of 
t he s h e l l  showing t h e  external  su rface of  t he s h e l l  membrane 
( S M ) .  The su rface fi brous layer was lost  i n  t h is prepara t i o n  
e x p o s i n g  t he u p p e r  su rface of  t h e  ca l c i t e  l ayer  ( C L )  wh ich i s  
covered w i t h s m a l l  sp heres ( arrowed ) .  ( f) Cehyro mutiloto. A 
r a d i a l  s h e l l  fra c t u re showing  t h e  u nder  su rface of t he ca lc i t e  
l ayer  ( C L ) .  N u merous cryst a l s  can  be seen ( a r rowed) on t h e  
u nder  s u rface of  t h e  ca lc i t e  layer .  Sca le  bars = SOµm. 

D I SCU S S I O N  

The presence of t w o  types of  eggs h e l l  in  o n e  
squamate  fam i ly i s  u n ique .  The  parchment- l i k e  
eggshe l l s  of  Eublepharis a n d  Hemitheconyx consist  of  a 
fi brous she l l  membrane w i th  an ou ter  coveri n g  of  
ca l c i t e .  Th i s  s tudy confirms t h e  s i m i l a r i t ies i n  t he 
s t ru cture  of she l l s  of eublephar ine  geck os, lacert i d  
eggshe l l s  (present study) ,  several iguan id  eggshe l l s  
(Ano/is sagrei, A. limifrons, A.  carolinensis, Ca!Iisaurus 
draconoides, Dipsosaurus dorsa!is and  Iguana iguana; 
K ries ten ,  1 97S ;  Sexton,  Ve i th  and P h i l l i ps ,  1 979 ;  
Packard and Packard ,  1 980; Packard et al. , I 982a ;  
Packard et al. , I 982b ),  and te i id  l izards ( Cnemidophorus 
sexlineatus; Tra u t h  and Fagerberg, 1 984)  as t h ese 
she l l s  are a lso fibrous membranes over la id  by a t h i n  

layer o f  calc i te .  Parchment-she l l ed  eggs on ly  occur in 
about  a quarter of t h e  t ot a l  n u m ber of genera of geckos 
( K l uge, I 967;  B ustard,  1 968)  and contrary t o  t h e  
i mpress ion given b y  s o m e  reports (Packard e t  al. , 
1 982b) calcareous ,  r ig id-shel l ed eggs predominate  
wi th in  the  G e k kon idae.  

The  struc tu res for gek k o n i n e  eggshe l l s  reported in 
t h e  present s tudy (Sch m i d t ,  1 94 3 ;  K ra mp i t z  et al. , 
1 972 ;  Packard et al. , I 982a)  are s i m i l ar t o  t h ose 
reported prev ious ly .  The  gek kon ine  she l l  membrane 
forms a t h i n  fibrous layer ou t s ide  which t he ca lc i te  
l ayer forms t he bulk  of the she l l  mak ing i t  com para ble 
to the pal isade l ayer of t h e  av ian s h e l l  ( Erben and 
N ewesl ey ,  1 972 ;  K ramp i t z  el al. , I 972) .  The surface 
fi brous layer i s  un ique  to gek k on ine  eggshe l l s  ( Packard 
e1 al. , I 982a;  present  s t u dy) .  The appearance of t he 
ou ter  surface of Chondrodactylus eggs was found t o  be 
a l m ost ident ica l  to t ha t  reported for Hemidac1ylus 
( Pack ard et al. , l 982a) .  S i mi la r  l ayers of fi bres i n  a 
matr i x  were found  for a l l  of t h e  ot her species i n  t h e  
present s t u d y  t ho ugh t h e  n u m bers of fi bres was 
var i ab le .  The role of t h is  fi brous l ayer i s  not clear.  
O t her  reports of depos i t s  on rept i l i a n  shel ls are l i mi t ed 
t o  a s ingle  descr ip t i on of a t h i n  amorphous l ayer on 
Chelonia mydas eggsh e l ls ( B a ird and Solomon, 1 979) .  
I n  cont rast , t h i n ,  a morphous c u t i cu lar  coveri ngs a re 
common on av ian  eggshel ls (Tu l le t t ,  1 984) .  

Poorly ca lc ified eggshe l l s  a re genera l l y  t hought to be 
h igh ly  permeable. S q uamate  eggshe l ls ,  i nc lud ing 
Eublepharis, have water vapour conductance val ues 
1 00 t imes h igher than  equ iva lent  av ian eggs 
( A c k erman,  D m i ' e l  and  A r, 1 98S) .  P l i ab le-she l led 
Chelydra eggs had she l l s  1 ha t  were SS t im es more 
permeable  t h a n  av ian eggs of comparable  s ize whereas 
r ig id-shel l ed t ur t l e  ( Trionyx) and A lliga1or eggs have 
s h e l ls five t imes more permea b le  ( Packard e/ al. , 1 979). 
J n  cont ras t ,  r ig id-s h e l l ed eggs o f  sphaerodacty l ine  
geckos have ra t es of  water  loss ha l f  t hat  of pred icted 
ra t es ( Dunson,  1 982) .  

R ept i l i an  nest  s i t es are usua l ly charact erised by t heir  
h ig h  humid i ty  and are oft en found i n  so i l  or compost 
( Pack ard and Packard ,  1 980) .  G e k k on ine  nest  s i t es are 
unusua l  i n  tha t  t h e  eggs are s t uck t o  wal l s  and crevices 
( A rnold and B u rt on ,  1 978)  and are ex posed to low 
h um id i t i es dur ing i ncubat ion .  W a ter ret ent ion by t h e  
e g g  w o u l d  be advantageous i n  s u c h  cond i t i ons and 
calcareous gecko eggs a pp ear to have develo ped 
re la t ive ly  i mpermea ble  she l l s .  Th i s  may be associated 
w i th  t h e  externa l  fibrous layer wh ich  may act in a 
s i m i l ar way t o  t he av ian  cut ic l e  w h ich redu ces water 
l oss from t h e  egg ( C h ri s t ensen and Bagley,  1 984; 
Peebles and Brake ,  1 986 ;  Deem ing,  1 987) .  

The r ig id-she l l ed  gecko eggs are an i n t eres t i ng 
d evelopment i n  vertebrate eggshe l l  s t ru ct u re.  The 
eggs h e l l  can be used as a good t axonomic  character for 
c lass ify ing  d i fferen t  types of gek k on id  l iza rds 
( Bus tard,  1 968) .  The  same is not t ru e  of che lonid 
eggshe l l s  as s t ru cture can vary w i t h i n  the c lass and 
part i cu lar fam i l i es ( Ewert , 1 979) .  The importance of 
t h e  eggs h e l l  in gecko b i ology extends wel l  beyond i t s  
t axonomic  use.  The  s i m i l a r i t i es and differences 
between t h e  r igid eggshe l l s  of che lonians,  crocod i l i ans, 
g e k k o n i d  l izards, d inosaurs and b i rds ( Erben, 1 970; 
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Erben a n d  N ewesley, 1 972) may be important in 
determining the pat terns of eggshel l  evolut ion. Further 
investigat ions may allow us to test the  significance of 
the use of shell  structure in evolut ionary analyses of t he 
major groups of repti l es ( Packard and Packard, I 980). 

The ex istence of t wo shell types in a group of  closely 
related lizards provides a usefu l opportunity to 
investigate the functional s ign ificance of t he eggshe l l .  
A detailed comparative s tudy of t h e  reproduct ive 
biology of eublepharine or d ip lodactyline and 
gekkonine or shaerodactyline geckos cou l d  provide 
informat ion that would a l low the relat ionships 
between eggshell  st ruct ure and various aspects of 

incubation of the egg to be understood.  In particular ,  
init ia l  egg compos i t ion has been shown to be related to 
the degree of calcification of the  eggshel l  (Tracy and 
Snel l ,  1 985)  and it could be predicted tha t  rigid-shelled 
eggs have a higher initial water content .  N est locat ion 
and incubation condit ions wil l  differ according to shel l 
permeability and shel l  structure may h ave some 
influence on the development of the embryo. A study 
of gas exchange across rigid and soft shel ls  cou ld 
provide useful informat ion concerning the  role of shel l  
permeability in  the physiology of t he em bryo . 
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A BSTRA CT 

A k ey to the  ident i ficat ion of twenty species of amphibians and reptiles recent ly recorded from the waters, t he 
is lands and the  h i l ls of the  Ch i l ka  Lake ,  I ndia is presented. 

J N TRODUCTJON 

I nformat ion concerning t h e  herpetol ogy of  the 
C h il k a  Lake is scanty .  The only publ is hed report s  are 
t hose of A n nandale ( 1 9 1 5 , 1 92 1 ) . Between June  1 985  
and Decem ber 1 986 T was a ble to explore t he vast 
expanse of the Chi lka  L a k e  including its is lands and 
hi l ls  as part  of the Zoological S urvey of 1 ndia 's  
expedi t ion  to  the  Ch i l ka  lagoon, and s ucceeded in 
record ing  s ix  s pecies of amphib ians  and fou rteen 
species of reptiles.  Of t h ese ,  the rock-l izard 
Psammophi/us blanfordanus, the s mooth snake  
Enhydrina enhydris and  t h e  beaked sea  snake Enhydrina 
schistosa are new records for t h e  area . The uniq ue 
l imbless sk ink Barkudia insularis is now apparent ly 
very rare; no specimens were found on Barkuda l sland,  
the type-local i ty .  

Fig. I The Chilka lake region. 

s 

c h 1 

B A Y O F  B E N G A L 

Probably the great m ajority of amphibians and 
reptiles found in t h e  Chi lka lagoon are represented in 
the collection.  It is fel t ,  t herefore, t hat t his work will 
enable the biologists/naturalists interested in the 
herpetofauna oft he Chi lka Lake  region to identify the 
a mphibians and repti l es of the area and thereby 
facilitate future recognition of species not prev ious ly 
recorded for this region. 

G EO G R A PH Y  OF TH E L A K E  

The Ch i lka  L a k e  ( Fig. 1 )  i s  a vast, shal low expanse 
of brackish water s it uated on the east coast of I ndia 
between latitudes 1 9° 28' and 1 9° 54' N and longit udes 
85°  6' and 83°  35 '  E .  I t  is roughl y  pear-shaped and 
spreads over an area of I l 652k m  in the Puri and 
G a njam Dis tricts of the S ta te  of O rissa and is 

1 k a 

1 cm . = 1 .8 k m s . 

L a k e 
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connected w i th  the  s e a  (Bay of Bengal )  t hrough a n  
o u t l e t  a t  i t s  northeast  a n d  i s  subj ected t o  t i d a l  
fl uct u at ions .  I t  receives freshwater  fro m  t he two rivers, 
Daya and B hargav i ,  t h e  branches of  t h e  R iver 
M a hanad i  as wel l  as  from several local s trea ms. The 
l a k e  a t  its western s ide  i s  e m braced by a group of low 
h i l l s  and  dot ted with several  rock y  i s lands  in t h e  
southern port ion .  T h e  dep th  of  water ranges from 
0.5m to 3m; t he northern part i s  q u i t e  sha l low and t h e  
deepest area i s  n e a r  the  K a l ida i .  The  l a k e's water 
i mparts a s a l t i er 1 as te  d u r i ng the s u mm er, less  so in  
winter  a nd nearly fresh d u r ing t h e  ra ins .  T h e  surfa ce 
temperat ure ranges from I 6°C to 36°C. The cooler 
water is found in t h e  central sector, wh i l e  nearer  the  
shores and in  the  ne ighbourhood of rocky  i s l a n ds, t h e  
tempera t u re i s  remark a bl y  h igher.  

TH E K EY 
A M P H J B I A  

1 .  Fingers and toes w i t h  d iscs. Po/ypedates macu/atus 
(Gray)  1 834 . 
Fingers and toes wi thout  di cs .  2 .  

2 .  S k in warty.  E l evated p a ro t i d  gl a n ds on shou lder .  
H ind legs shon . G eneral ly  l iv ing on land.  Bufo 
me/anostictus Schne ider  1 799.  
S k i n  s l imy.  No paro 1 i d  glands on shou lder .  L ong 
hind legs. Genera l ly  l i v ing in  or near water . 3. 

3. Toes completely webbed .  4 .  
Toes ha lf  to  1 wo-th irds webbed .  5 .  

4 .  S k i n  o f  back wi th promi nent  longi t u d ina l  folds .  
I n ner meta tarsa l  tu bercle l a rge, compressed, and 
crescent ic .  Colour o l ive-green or  brown,  w i th  dark 
spots  and a yel low m i ddorsa l  s t r ipe .  Rana tigerina 
Daud in  J 803. 
S k i n of back wi thout  fo lds .  I n ner meta t arsal  
t u bercle smal l .  Colour o l ive or brown with dark 
mark i ngs; no m iddorsal s t ri pe .  Rana cyanoph/yctis 
Schneider 1 799. 

5.  Form stout  and t end ing to be t oa d- l i k e .  I nner 
metatarsal  t u bercle large, comp ressed, and 
crescen1 ic .  Colour l igh t  brown o r  o l ive above w i 1 h  
d a r k  brown spots a n d  oft en w i t h  a m i ddorsal 
s t reak .  Tomopterna breviaps S ch ne ider  1 799 .  
Form ne i t her s tout  nor t end ing  t o  be t oa d-l i ke.  
I nner metatarsa l  t u bercle s ma l l ,  oval  or rounded .  
Colour brown or o l ive usua l ly  wi th  d ist i n ct dark 
mark i ngs and  a V-s h a ped band from eye to  eye .  
Rana limnocharis Weigmann 1 83 5 .  

L I Z A R DS 

·r.-T-ongue very long,  s l ender,  and  forked .  Varanus 
benga/ensis (Daud in )  1 802. 
Tongue not so.  2 .  

2 .  Eyes wi thout movable eye l ids .  D igi ts  c lawed.  3 .  
Eyes w i t h  movable eye l ids .  D ig i t s  free.  5 .  

3 .  B a c k  covered w i th  n u m erou , l a rge t u bercles w h i c h  
a r e  s trongly kee led and  regu lar ly  a rranged. Colour 
l ight  brown on grey ish ,  wi th  dark  brown spots and a 
dark eye streak .  Hemidacty/us brooki G ray 1 845 .  
Back  covered wi th  few rou n d ed t u bercles w h ich  a re 
feebly k eeled and  i rregu larly a rra nged. 4 .  

4 .  Tai l  feebly d epressed.  Colour grey o r  p i n k ish­
brown or un i form or with dark longi t u d i na l  s t r ipe 
and a pa ir  of eye s t reaks .  Hemidactylus frenatus 
S ch legel 1 836 .  
Tai l  s t rongly depressed .  Colour grey,  wit h d is t i nct 
dark mark i ngs which  may be e i t her wavy crossbars 
or rhomboidal  spots a n d  a dark  eye strea k .  
Hemidac1ylus leschenaulti D u mer i l  a n d  B i bron 
1 836.  

5 .  Body d epressed. Colom brown, with a series of 
elongated wh i t e  spots on each s ide of the  back . 
Psammophilus blanfordanus Sto l i czka  1 872 .  
Body compressed.  6.  

6 .  Dors i -nucha l  cres t  present . H ind foot w i t h five t oes. 
Colour brown, w i th  more or  less d is t i nct mark ings, 
especia l ly  in j u ve n i les and fema les .  Ca/otes 
versico/or (Da ud i  n) J 802. 
Dar i-nuchal  crest absent . H i nd foot  w i t h  fou r  t oes 
only .  Colour l ight  or d ark-bro w n ,  w i t h  a series of 
dark-brown, dark-edged d iamond-shaped pots .  
Sitana pon1iceriana Cuvier  1 844 .  

S N A K ES 

I .  S ize sma l l  and worm- l i k e .  Eyes d i m i n u t i ve,  covered 
by sh ie lds .  Typh/ops acu1us ( D u mer i l  and B i'bron) 
l 844 . 
S ize variable and not  worm- l i k e .  Eyes cert a i n ly 
large and exposed. 2 .  

2 .  Tai l  very Oat and paddle- l i k e . 3 .  
T a i l  cy l indrical  and poin ted or rounded on nearly o 
but not as above. 4 .  

3 .  End of  snout  curved and  hooked .  Co lour  o l ive or  
grey w i th  dark  bars; adu l t s  somet i mes b lu i sh  grey. 
Enhydrina schis1osa ( O aud in )  1 803. 
End of snout ne i t her cu rved nor hooked.  Colour 
more or J ess u n i form grey a bove and yel lowish 
below. Hydrophis obscurus ( Da u d i n )  1 803 .  

4 .  Body covered wi th  nu merous sma l l  wa rt- l i k e  scales 
and head w i th  gra n u l es .  Ven t rals absent . 
Chersydrus granulmus (Sch neider) 1 799. 
Body covered with moderately large and fewer 
nu mber of sca les and head wi th  sh ie ld- l i k e  sca les .  
Ventrals  dist incr .  5 .  

5 .  Nostr i ls  on the s ide o f  snout , not valve- l i k e . 
'i/en t rals  l arge. Eye l a rge,  w i t h  rou nd pup i l .  Back 
wi th  a pat t ern of d i s t inc t  check ered spot s .  
X enochrophis piscator (Schneider) 1 799 .  
Nostr i l s  on t he u pper su rface of snout ,  valve- l i ke . 
Ven t ra l s  reduced i n  s ize .  Eye sma l l ,  w i th  vert ical 
pupi l .  6.  

6. Sca les smooth .  L ower jaw not prominen t .  Be l ly  
wi th a pat tern of str ipes.  Enhydris enhydris 
(Schneider) 1 799.  
Scales strongly k eeled.  Lower jaw promi nent .  A 
pat tern of dark bars a bove and dark spots or 
crossbars on t h e  bel l y .  Cerberus rhynchops 
(Schneider) 1 799. 
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INTRA SPECIFIC VARIATION JN THE COLUBRID SNA K E  
G ENUS MA CROPRO TODON 

E .  WADE 

Dep1. of Medical and  Scie11 1ific //l11s1ra1ion. Middlesex Poly1echnic. Cai Hill, Barne!, Hens. EN4 8HT. 

(A ccep1ed 8. 6. 87) 

A B S T R A CT 

The current s ta tus  of the  forms of Mocroprotodon is s u mm arised. A mong the  characters t hat  were inves t igated the  
head pat terns showed d ifferences tha t  were surpris i ngly consistent .  The two recognised taxa, Mocroprotodon 
cucu/lotus cucullotus and Mocroprotodon cucul/otus brevis, are reappraised and t h e  existence of a t h i rd, 
Mocroprotodon cucullotus mouritonicus is confirmed.  An at tempt has been made to  determ i n e  the affin i t ies of t he 
isola ted populat ions and a brief resume of the habits toge ther wi th  some personal observat ions  is  presented. 

l NTRODUCTlON 

The genus Mocroprotodon consists  of a s i ngle species 
with t wo current ly recognised races. The h igh degree of 
intraspecific variabi l i ty  has long been recognised.  The 
two races have been dis t ingu is hed from each other on 
what would appear t o  be l it tle  more t han di fferences in  
number of midbody scale rows . 

The s i tuat ion may be summarised as follows: 
M. c. cucullotus Geoffroy possesses normally 19 scale 
rows a t  m idbody, 20 and 2 1  rows being occasionally 
met wi th i n  individuals from A lgeria and Tunis ia .  The 
range extends from S .  Pales t ine  to Eastern M orocco 
i nc luding Lampedusa and the  Balearics wi th  relict 
populat ions in R io de Oro and t he H oggar ( B ons,  
1 967) .  K ra m er and S ch n u rrenberger ( 1 963) noted 
' wi t h i n  t he nominate race' and increase from East to 
West in the  n umber of vent rals.  

The other race M. c .  brevis G u nt her is characterised 
by h igher midbody scale coun t s  of from 2 1 -25 in 
M orocco and 2 1  and 23 i n  l beria ( Bons op. cit. ) .  
R ecen t ly however A lmeida and A lm eida ( 1 986)  
remarked on two i ndividuals from N ort h Port ugal 
(well  to the north of t h e  known range) as both 
possessing only 1 9  midbody scale  rows .  

temporal streak 

'V'- mark pale collar nuchal collar 

supralabials 6 - 8 
Fig. I Head of Macroprotodon cucu//atus mauritanicus 
( B M  53.2 .4 .23,  A lgiers) showing typical scutel lat ion and 
characters used i n  the study of the genus.  

Bons ( 1 973) ;  Pasteur and Bons ( I  960) suggest ed t h e  
existence of a t h ird race comprising t h e  I berian 
populat ion which cou ld  be differentiated from the  
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M oroccan by the  sca les i n  the  l owest  dorsa l  row o n  
each s i d e  being enlarged. 

W i t h  regard to t h e  head pat tern B o u lenger ( 1 9 1 3) 
recognised one comb i nat ion  of e lements  for I ber ia  and 
a mul t ip l ic i ty  of them t hroughout  the  res t of the  range. 
He a l so noted that b lack-headed i nd iv iduals occurred 
in  M o rocco and A l geria .  S u bsequent  a u t h ors notably 
Lanza and B ru zzone ( 1 960); K ramer  and S c h n u rren­
berger ( op. cit . ) demons t rated in  L a m pedusa and 
Lybia respect ively that dark h eaded i n d iv iduals  may 
be found a longside t hose in  which a cont rast ing head 
pa t tern is man ifest .  

M ater ia l  acquired b y  t h e  a u t h or from Spain  a n d  t h e  
Ba l ear ics revea led i n  t h e  la t t er  p o p u l a t io n  a cur ious 
devia t ion from t he normal  condi t ion of 8 supra lab ia l s  
in  t hat a n  add i t iona l  sca le  w as wedged between the  6 th  
and 7 t h  ( Fig. 5) i n  most individua l s .  E x a m i n a t ion of  
th i s  mater ia l  toget her wi t h  that  in  the  B r i t ish  M useum 
( N at ural  H i story) wh i l e  con fi rming  much of t he 
foregoing gave indicat i ons t hat t he pop u l a t ions from 
Nort h ern A l geria,  N orthern Tunis ia  and the  Ba l earics 
man i fested a dist inct ness compara ble  wi t h  t hose of 
M. c. cucul/atus i n  t h e  S ou t h  and East and M. c. brevis 

a 

a 

b 
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in t h e  West .  The m a i n  o bject of th i s  account is t h e  
recogni t ion of t h e  N .  A lgeria n/N . Tunis ian  populat ion 
as a t h ird taxon Macroprotodon mauritanicus G u ichenot 
1 846 and a lso the d etermina t ion  of t h e  rela t ionsh ips  of 
the isolated popu l at ions .  

Material Examined. This  cons i s ted  of a tota l  of 90 
specimens,  62 of  which comprise t he col lect ion of  
Macroprotodon i n  t h e  B r i t i sh  M useum ( N a t ur a l  
H is tory) ( B M ), 5 fro m  t h e  M useum N at iona l  
d 'H is to ire N a t ur e l l e ,  Par is  ( M H N P) ,  2 1  from the  
au t hor's col lect i on ( E W ) ,  one fro m  the  N orwich 
M useum ( N M ) and another  in t h e  possess ion ofM r. N .  
Smi th  o f  Southampton U n ivers i t y .  

CH A R A CTER S  EX A M I N E D 

G E  E R A L  R EM A R KS 
Head Sca/ation. The head sh ie lds  apart from t h e  

s u pralabia ls  were not formal ly  invest igated .  The 
fron ta l  however, whi ls t  var iable in  shape ,  was noted 
amongst some of t  h e  speci mens from the W est as being 
ra ther na rrow with the pos t er ior  apex more at tenua ted 

c. 

d 

Fig. 2 Dorsal and lateral  views of the heads of Macropro1odon cucullatus brevis showing the varia t ions in head patterns. 

(a)  BM 9 2 . 4 . 1 8 .3  ' Morocco' .  (b)  BM 8 9 . J 2 . 1 6 . l  1 . 1  l 6 . 7  and (c) BM 89. 1 2 . 1 6 . 1 1 0 . 1 1 6 .4 'City of M orocco' = M arra k esh.  
(d)  E W  20.3 .67 El Bosque,  Cadiz,  Spain .  

Scale l ine  = 5mm 
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( i n  those from the Ba learics ,  N or th  A l geria and North 
Tunis ia ) .  

Body Scalmion. The dorsa l ,  ven tra l  and subcaudal  
scales were counted us ing the met hod of Dowl ing 
( 1 95 l a) .  

Head Panern. H ere was  found  a ba ffl i n g  assort men t · 
of seemingly u ns tab le  pa t tern e l emen t s ,  fu rt her 
compl i ca t ed by the  presence of examples  i n  wh i ch t h e  
h ead i s  b lack i n  vary ing  degrees ( = mela nocepha ly)  
par t icu lar ly  i n  N orth A fr ica .  The ind iv idua l s  i n  which 
t h e  pat t ern e lements  were  suffic i en t l y  d i screte as to  
permi t  eva lua t ion  were i so la ted  and the  e l ements  are  
i t em ised i n  Table 2 .  T h ese inc lude  the  nucha l  co l lar ,  
the  'V'  mark ( =  ' Y '  mark of Lanza and B ru zzone 1 960), 
a postorbi t a l  s t reak and somet im es an in terspace 
bet ween the nuchal  col lar and the a n t er ior  pa t t ern 
e l ements  ( the  ' pa le  col lar' ,  Fig .  1 ) . 

Body Pallern. This cons i s t s  essen t i a l l y  of a series of 
more or less pro m i nent vertebral spots or necks w i t h  
l esser ones - usua l ly  o n  t he poster ior m argins of t he 
sca les - a l t ernat ing on t h e  s ides ( F ig .  4 ,  a ) .  Th ese i n  
varying degrees ( somet imes  m a n i fes t  o n l y  when t h e  

a b 

a 

b 

sk in  i s  d istended) are connected diagona l ly .  This  
condi t ion may merge in to  one  in  w h i ch t h e  spots 
expan d  to form a ret i cu la ted  - t essel l ated  pat tern 
cons is tent  wi th  a darke n i n g  of t h e  ground colour 
leaving the  spaces so formed as pale  patches ( t h e  
' t ex t i l is' pattern) ( Fig .  4 b).  A t h i rd cond i t ion  may 
occur in  w h ich t h e  ground  co lour  d i fferen t i a t es in to  
pa le  and dark l ongi tu d i n a l  s t r ipes ( the  ' taen ia tus '  
pa t t ern),  ( Fig .  4 ,  c) .  I ntermedia tes ex i s t  bet ween a l l  
t h ree con d i t ions .  

The fi rst cond i t i o n  seems t o  occur mostly in  t h e  
\Vest  w h i l e  t he ' t aen ia tus '  pat tern i s  man i fest  i n  most 
of t h e  Ba lear ic  and some North  A lgeria n  and Nort h 
Tun i s ian  examples .  The ' t ex t i l is '  pa t t ern (and 
modifica t i ons t hereof) is  consp icuous  i n  m ater ia l  from 
S o u t h  Tunis ia  ea t wards wh i l s t  a lso occurring i n  
.specimens from t h e  West , M orocco i n  part icu lar. 

Belly Pa1 1ern. T h is charact er is seen h ere as fa l l ing  
in to  t wo ca tegories n amely check ered pa t t ern,  or 
var i a t ions of such, and one in wh ich the ventra ls ,  save 
for some darken ing near t h e i r  l a tera l  margi ns ,  are 
e i t her  immacu la t e  or show a few spots  scat t ered a t  
ra ndom. There is ev idence here a l so of i n t ergra ding.  

c d 

c 

d 

-· - - --

Fig. 3 Dorsal and lat eral view of t h e  head of (a )  Macroprotodon cucuila1us mauritanicus M e n orca , E W  1 9 . 6 . 7 8 . 4  and 
Macroprotodon cucu//a1us cucu//a1us. (b)  BM 1 920. 1 .20.3859 Bir  Oum A li ,  A lgeria. (c)  B M  5 8 . 4 . 20.53 Tripo l i .  
(d)  B M  58.4 .20.55 Tripol i .  

Scale l ine = 5mm 
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Dorsals 

Tax on Population n 1 9  20 2 1  

M. c. breri.< Iberia I I  9 

Morocco 23 

Alf r. mauritanicus N. A lgeria & 1 8  1 4  

N .  Tunisia 

Balea rics 1 4  1 4 

M. c. cucullaws Rio de Oro 

S. A lgeria & 3 3 

S. Tunisia 

Lybia I 2 1 2  

Egypt & 6 6 

Palestine 

TABLE l: Body scalation of Macropro1odo11 

n 
23 25 Del' 

I 5 I 9 

9 

9 

2 

4 

range 

1 60- 168 
1 54- 1 7 1  
1 64- 1 74 

1 63 - 1 73 

1 57 - 1 59 

1 54-

I 5 1 - 1 62 

1 5 1 - 1 54 

The checkered condit ion with i ts  at tendant  
va riat ions were fou n d  in a l l  regiona l  samples a l though 
only one B alearic ind iv idual  out  of fourteen exhibi ted 
t his condit ion.  I n  t h e  ot her Ba lear ic  s pecimens a nd 
some from N orthern Algeria and N orthern Tu nisia t h e  
bel ly  was ei ther unmarked o r  sparsely s potted.  

Pupil Shape. Contrary to  the c u rrent concept of 
gen us Macroprotodon as possessing a vert ica l ly  
e l l ip t ical pupi l ,  the  condit ion in  nearly al l  examples 
was found to be circular or at best s u bcircular.  J n  only 
two excep t ions,  bot h from Spain,  cou ld  t he condit ion 
be described as anyt h ing a pproaching el l ipt ical .  In one 
a n  individual  ( EW 20. 3 .67)  from El Bosque, Cadiz 
Province, t he pupil  in l ife became dist i nctly subell iptical 
when exposed to bright sun l ight .  In the other ( B M  
1 973 .  3 4 3 0  S a n  Pedro) the  pupi ls a l t h ough di la ted were 
more or l ess pointed al t heir a pices. 

C H A R ACTE R S  FO U N D  TO B E  USEFUL 

Head Scales. The supra labial  counts except for most 
of the Balearic specimens and one fro m  Tangier were 
8-8 t hroughout the range. This specimen ( B M  ( R R )  

'V'  
Ta xon Population n mark 

M. c. brevis I beria I I  A 
M orocco 23 A 

M. c. mauritanicus N .  Algeria & 
N. Tunisia 

1 8  B 

Balearics 1 4  B 

M. c. cucu!latus R i o  de Oro 2 c 

S. Algeria & S. Tunisia 3 c 
Lybia 1 2  c 
Egypt & Palestine 6 c 

Ventrals Subcaudals 

n n n 
mean �!f range mean oJ range mean � range mean 

1 63 .8  6 1 73 .5- 1 85 1 7 7 . 1  46- 5 1  4 8  6 4 1 -48 43.7 

1 63.9 1 72 - 1 85 1 78 . 1 9 44-50 4 7 . 2  7 4 1 -49 44 .6 
1 69.6 9 1 77 - 1 88 1 8 3 . 8  5 1 -55 52.6 8 45-53 49.4 

165 .4 1 76.5- 1 8 2  1 78 . 5  54-60 56.9 5 1 -54 52.4 

1 58 48 48 

1 64 - 1 68 1 66 48 2 45-46 45.5 

1 56.7 1 64 - 1 74 1 69 44-52 48 5 43-47 45.6 

152 .3  1 65 - 1 66 1 65 .5 47-49 48 2 43-44 43.5 

1 98 7 . 890) exhibited 8-9 s upra labia ls with a cuneate 
s h i eld wedged bet ween the 6t h and 7th on the left side 
of the head. A s m a l l  cuneate s h ie ld was a lso found i n  a 
specimen from A i n  Draham,  Tu nis ia 
(BM 1 906 . 8 . 29 . 20).  The Ba learic materia l  exhibited 
the spect rum of irregu lari t ies shown in F ig. 5 . 

Body Scales. (Table 1 ) . W h i l e  t h e  dorsal sca le counts  
revealed l i t t le  addit ional  tha t  was not ewort hy it was 
the  ventrals wh ich gave t h e  indications of t he 
dist inctness of t h e  N .  A lgerian/N . Tunisian populat ion.  
T h e  s u bcaudals showed l i t t le  that  was s ignificant other 
t han high counts for N ort h A l gerian-N ort h T u n is ian 
and part icu lar ly  the Balearic  popula t ions.  

Head Pat 1ern. The character s ta tes are symbolised as 
t hey appear in  Table 2. 

' V' mark. A = Usua l ly  more or less convex on 
ou ter margins, the ' arms' separated from the postorbi tal  
st rea k and the  n u chal col lar (except i n  dark-headed 
examples),  ( Fig. 2 c & d) .  

B = M o re or less concave on outer  margins,  each arm 
cur ling around t he last su pra l a bial  where it u n i t es wi th 
t he postorbi ta l  s t reak should the latter extend that  far 
( Figs. I & 3 ,  a) .  

Post-orbital  Nuchal  Pale 
streak collar col l a r  M elanocepha ly  

3 I yes no 
2 & 3 I &  ! I  yes yes 

I ,  2 & 3 I & I I yes yes 

1 & 3 J I  yes no 

3 I I I  no no* 

3 ] [ ]  no yes 

2 & 3  I I I  no yes 

2 & 3  ( I  I I ) *  no yes 

* = not yet seen but of probable occurrence. ) = not yet seen as a discrete state.  

TA B L E  2 :  Head pattern states i n  Macropro10don. For explanation of sym bols see text .  
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C = Variable;  may be s h o ;  l J nd discre t e  ( Fig. 3 ,  b) or 
' arms' un i t ing with the lateral portions of t h e  nuchal  
c o l l a r  a l t h ou g h  n o t  t r u l y  con t i n u o u s  wi t h t h e  
postorb i t a l  streak, ( F i g .  3 ,  c) .  

Postorbiwl Streak. I = Vest i g i a l ,  s i t u a t ed o n  the 5 t h  
s u p ra l a b i a l  o r  e x t e n d i n g  m a rg i n a l l y  beyond t h e s u t u re 
between t h e  5 t h  a n d  6 t h  ( F i g .  3 ,  a ) .  

2 = I n t err u pted i n  vary i n g  d egrees b u t  n ever 
vest i g i a l  ( Figs.  J & 2 ,  b & c ) .  

3 = E n t ire o r  more o r  l e s s  s o  ex t en d i n g  fro m t he 5 t h  
t o  t h e 8 t h  s u pr a l a b i a l  o r  t h e  o p p os i n g  i n fra l a b i a l  
a n d/or even beyond ( F i gs .  2 d & 3 ,  b & c ) .  

Nucha/ Collar. I = E n t i re ,  separa t ed fro m  t h e  
postorbi t a l  s t re a k  a n d  t h e  ' V '  m ar k ,  ( Fi gs .  l & 2 ,  d ) .  

I I  = D i v ided i n t o  a m e d i a n dorsal  a n d  t w o  l a t eral 
p o r t i on s  separated fro m  t h e  post orbi t a l  s t re a k  a n d  t he 
' V' m a r k ,  ( Figs .  2, c & 3 ,  a ) .  

I l l  = D i v i d e d ,  t h e  l a t era l port i o n s  o ft e n  fra g m e n t ed 
( Fi g .  3 ,  b & c) .  (Two speci m e n s ,  B M  9 7 . J 0 . 28 . 5 8 3  
M aryu t ,  A I e x a n d r i a  a n d  E W  1 984- J B en g h azi ,  possess 
a complete n u ch a l  col l a r  b u t  in  bot h t h e  'V'  mark is  
fi r m l y  u n i ted with i t  a n d  the ' p a l e  c o l l a r' (see be low) i s  
l a c k i n g. T h i s  con d i t i o n  i s  v iewed as  a n  ear ly 
progress ion t owards m e l a n ocep h a l y ) .  

Pale Collar. A n  i n t erspace between r h e  n u c h a l  c o l l a r  
a n d  t h e  ' V '  m a r k + postorb i t a l  st re a k  ( Figs . I ,  2 ,  c & 
d a n d  3, a ) .  

a 

b 

Fig. 4 Variat ion in the dorsal pat t ern in Macroprorodon: 

Melanocephaly. Used as a character state w h e n  
darkening of the  head is pronounced t o  a sufficient 
degree as t o  obscure the pattern e lements ( F igs .  2,  a & b 
and 3, d ) .  

D I S C U S S I ON 

M acroproTOdon cucullatus brevis: T h e  d i s covery of  
t h e l wo i n d iv i d u a l s  wi th  I 9 s c a l e  rows we l l  t o  the  N or t h  
of t h e  k nown r a n ge o f  a t a x  o n  c h a racterised h i t h erto 
by 2 1 -25  scale rows a l  mi d b o dy cou l d  be d ism issed o n  
a cc o u n t  of t h e i r  i s o l a t i on as b e i n g  o f  l i t t l e  s ign i fica n ce 
were it not for t h e  e x i st e n ce o f  a speci m e n  fro m 
M a rbel l a  ( E W  6 . 8 0 . 2 ) ,  a n d  a n o t h e r  i n d i ca t e d  by B a n s  
l 967 i n  h i s  h is togram i n  F i g .  l 6 ,  fro m  M orocco. The 
t a x o n o m i c  val u e  o f  t h ese d o rsa l sca l e  c o u n t s  i s  
t h erefore s o m e w h a t  d i m i n is h ed .  

T h e  l y p e  s pecimen o f  Coronel/a brevis G u n t h er 
ag rees w i t h  t h e  I be r i a n  a n d  s o m e  o f  t h e  M oroccan 
m a t er i a l  i n  possess i n g  2 3  m i d body sca l e  rows; head 
p a t t ern s t a t es A ,  3 and I and a ret i c u l a t e  ( ' 1 ex1i/is') 
body p a t t ern .  The bel l y  however is wi t h o u t  s p o t s .  

T h e  u n i form i t y  of t h e h e a d  pat t ern i n  I ber ian  
ex a m p l es ( Figs .  2 ,  d )  as B o u l en ger ( l 9 l 3 )  p o i n t e d  o u t  is 
not a lways m a i n t a i n ed in t h o s e  fro m  M orocco in 
w h i c h  t h e  n u ch a l  c o l l a r  is  s u bj ect to d i v i s i o n  ( head 
p a t t e r n  s t a t e  I J )  a n d  t h e  post  orbi t a l  s t re a k  to 
i n t erru p t i o n  ( s t a t e  2 )  u s u a l l y  o n  or a t  t h e 7 t h  
s u p ralabi a l .  M el a n oc e p h a l y  a l s o  occu rs h ere. 

N o t w i t h s t a n d i ng t h e s ugges t i o n s  of B a n s  ( 1 9 7 3 ) ;  
P a s r e u r  a n d  B a n s  ( 1 960) t h a t  t h e  I be r i a n  pop u l a t ion 
c o n s t i t u t e s  a t h i rd race  I i  t t l e  co u l d  be  fo u n d  t o  
d i s t i n g u i s h  ! h is  p o p u l a t i o n  fro m  ! h e M oroccan ot h er 
t h a n  t h e m i d body sca l e  co u n t  n o t  bei n g  k n own t o  
exceed 2 3  ( - a n d  t h a t  fo u n d  i n  o n l y  o n e  i n d i v i d u a l ,  
B M  7 2 . 8 . 2 3 . 2 ) .  B us a c k  ( 1 9 86)  provides e l ectrophoret i c  
e v i d en c e  for ret a i n i ng t h e t w o  p o p u  f a t  i o n s  as o n e  r a ce.  
The u n i q u e  j o i n t  posses s i o n  o f  head p a t t ern s t a t e  A 
a n d  t h e a bsence o f  s t a t e  I serves t o  rei n force t h e  u n i ty  
o f  t he I be r i a n  a n d  M oroccan p o p u l at i o n s  of 
M. c. brevis w i t h  w h i ch Macroprotorlon maroccanus 
P e t e rs is proba bly  a syn o n y m  w h i l s t  rea d i ly separa t i n g 
t h em from t h e  fo l l o w i n g  for m s .  

c 

(a)  M. c. mauritanicus BM 1 9 20 . 1 .20 .  l I 86.  Bone,  A l geria,  s howing the undifferent iated ground colour. 

( b) M. c .  cucul/atus EW 1 98 2 . 2 .  E l  Aghei la ,  Lybia,  showing t he ' tex t i l i s '  pa t tern. 

(c) M. c. mauritanicus EW 1 9 . 6 . 7 8 . 2 .  M enorca, showing the ' t aenia tus '  pattern .  
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a b c 

d e 
Fig. 5 Variation in t h e  head scu te l la t i on in Macroprotodon cucu/latus 111auri1a11icus from the Ba lear ics.  ( a )  EW 2 8 . 1 .  79 .  Mal lorca . 

(b) EW 1 0 .7 .80 .3  M enorca. (c)  E W  1 9 . 6 . 7 8 . 3  M en orca. (d)  EW 1 0 . 7 . 80 .2  M enorca . (e) EW 1 9 .6 .78 . 1 M en orca . 
(f) NM 78. 1 44.  

The Addit ional  supralabia l  is shown in  bold o u t l ine .  

Macroprotodon cucu/la1us mauritanicus: The form 
u nder considera t ion here fro m  N ort h ern A lgeria  and 
N orthern  Tunis ia has  been h it herto cons idered w i t h i n  
the  nominate  race. I t  shares wi th  M. c. brevis t h e  pale  
col lar,  head pat tern s ta tes I :  I I ,  2 and 3 .  I t  d i ffers from 
tha t  race as fol lows: t h e  dorsa l  sca l e  count  is norma l ly  
1 9  ( except ional ly 20  or 2 1 )  as opposed t o  2 1 -25 
(except ional ly  1 9 ) ,  t he ventral  and subcauda l  counts 
are higher on average, head pattern s ta l e  B is man i fest 
as opposed to  s ta te  A and s ta te  I occu rri ng on ly  in 
some mem bers of th i s  gro u p  a l one .  I n  add i t ion to 
B o ulenger Hed iger ( 1 93 5 )  a lso fou n d  melanocepha ly  
in  mater ia l  from A lgeria . 

The earl iest  name ava i l ab l e  for t h i s  gro u p  i s  
Macroprotodon mauritanicus G u i chenot J 846: type 
loca l i ty  = 'A lgeria ' .  The four  syntypes M H N P  2 1 72 
and 2 1 72 A-C agree complet e l y  w i t h  t h e  B ri t i sh  
M useum mater ia l  from t h e  reg ions i n  ques t ion .  The 
m i d  body sca le  cou nts i n  a l l  fou r  was 1 9; the ventral  and 
s ubcauda l  counts  are as fol lows: oo 1 64 ,  1 74 :  5 2  5 5  and 
�N 1 84 ,  1 86 :  48,  52 .  A l l  were fou n d  t o  ex h ib i t  the  pale 
col lar and head pattern s tat es B and I I ;  two  possessed 
s ta te  l and t wo s ta te  3. The body patt erns 
approx imated t ha t  shown i n  Fig.  4 ,  a .  The bel ly was 
checkered in t hree individuals  but  vir t ua l l y  i m macu l ate  
111 one.  

A l t h ough the type specimen o f  Lycognathus 
taeniatus D umeril & B i b ron, 1 854 ' mus t  be considered 
as los t '  (Prof. E. B rygoo in l i t t . )  t h e  orig inal  descript ion 
would i ndicate that t h is tax on belongs w i th  
M. c. mauritanicus. 

The Ba l earic popu la t i on exh ib i t ed  t h e  head pat t ern 
s ta t es B ,  Il and a pale col lar i n  every one of t he fourteen 
specimens seen. A l l  except one - in which  s ta te  3 
occurred - sta te  I was shown.  The  s t ri a t ed 
( =  ' taen ia t us' )  pat tern ( Fig.  4, c) was s t rongly m a n i fest 
in all except two specimens i n  which  t h e  gro u n d  colour 
contrasts  were redu ced in one and v i rt u a l ly absent in 
the o ther. M elanocepha ly  has not  been recorded in t h e  
B a l earics.  

This popu l at ion is remarkable  i n  tha t  i ts m e m bers 
exh ib i t  t h e  anomalous supra labia l  cond i t ion  of t h e  
specimen B M  ( R R )  1 987 . 890 from Tangier  t o  the  

ex tent of i t  be i ng the  norm t h ere ( Fig .  5 ) .  N ine  out of  
t h e  fourt een exh ib i t ed supra lab ia l  counts  of 9-9, t hree 
9-8 and t wo 8-8 b u t  even in both  t hese a cuneate s h ie ld  
was  wedged between t he 6t h and 7 t h  on one s ide.  The 
6th supra l abi a l  i s  subject to fragmentat i on ( Fig, 5 ,  d ,  e 
& f) . The  average ventral  cou nts  are ra t her lower t h an 
t hose .in  mater ia l  from N ort hern A lgeria and N ort hern 
Tunis ia  (oO' 1 65 .4 ;  99 1 78 . 5  as opposed to  00' 1 69 .6 ,  
99 1 83 . 8 )  ye t  t h e  subcauda l  num bers (a l ready h igh in  
tha t  form)  in  t h e  Ba lear ic  popu la t ion  exceed those 
found anywhere in  the range of Macroprotodon. 

The above notw i t hs tandi ng, t h e  possess i on of 1 9  
rn id body sca l e  rows, head pattern s ta tes B i n  a l l  and 
state I in a l l  except one ind iv idua l  argue for t h e  
i nc lus ion o f  t he B a lear ic  popu la t ion w i th in  
M. c. mauriranicus. 

M acropro1odon cucullatus cucu//arus: The increase i n  
t he n u m ber  of ventra ls  from Eas t  to \Vest w i t h i n  t he 
nominate  race (as  K ramer and Schnu rrenberger 
u nderstood i t )  i s  abrupt  wi th  N ort h A lgerian and 
N ort h Tun is ian  an im als  having marked ly  h igher 
cou nts .  The imp l ica t ion  of taxonomic separat ion 
between t h ese popu la t ions and those funher  East is  
su pported by the d iss i m i lar i ty  of the head pat terns.  

.The mater ia l  from Southern Tunis ia  eas twards to  
Sout hern fsrae l  (M. c. cucu/latus s .  s tr . ) in contrast to  
M. c. mauritanicus Jacks  t h e  pa le  col l a r  and t he head 
pat tern states B and 1 wh i l e  possess ing instead sta tes C 
& I I I .  M elanocepha ly  frequent ly  occu rs in th i s  form 
part icu larly  i n  specimens from Cyrenaica to I srae l .  

A l though ne i ther  ventral  nor su bca udal  counts  were 
given t h e  b lack headed ind iv idua l  from G a fsa 
described by M osauer and Wal l i s  ( 1 927)  as Macro­
pr01odon cucu//atus subsp. melanocepha/a wou ld seem 
to  belong h ere. 

Lycogna1hus textilis D u meri l  and B i bron 1 854;  type 
l oca l i ty :  'deserts of W estern A lgeria' i s  c lear ly  a 
synonym of M. c. cucul/atus s. s t r. The holotype 
M H N P  849 - a �  - has 1 9  scale  rows a t  mid body,  J 68 
ventrals  and 45 subcaudals .  The 'V' mark  i s  very 
fa i nt but the head pat t ern s ta te  C i s  jus t  d iscernable .  
The pa le  col lar  i s  absent and the n uchal col l a r  is 
represented by s tate  I I I .  



V A R I ATION I N  MA CROPROTODON 243 

The two above ment ioned specimens together with 
BM 1 920. 1 .20.3 109 from Periana ( == Feriana) and 
1 920. 1 .20.3859 from Bir  Oum Ali ( ==  Oum Al i ,  
A lgeria?) show a Westerly extension of M. c. cucullatus 
s. str. inhabit ing the more arid regions of Tunisia and 
in  a l l  probabi l i ty a substantial part of A lgeria also. 

Amongst the Lybian material two specimens had 
been collected in sand. In t hese and some others 
( F ig. 3, c) the  head is deeper and shorter t h an is usual ,  
and the eye larger (not necessari ly being an artefact of 
juvenil ity) and more central l y  placed in relation to  the 
l ine of the  south.  

Two two specimens from Rio  de Oro, BM 1 903 . 1 6. 1 3 .  
4 2  a n d  4 3  are best viewed a s  faded representat ives of 
M. c. cucullatus agreeing with this form in  a l l  
essentials .  N o  specimens from t he H oggar were seen 
but that populat ion l ikewise is probably assignable to 
this race. 

No material from Lampedusa was seen but from the  
account of Lanza and B ruzzone ( 1 960) two individuals 
exhibited 9-9 supralabials,  in  another the internasals 
were fused as one and t he upper postocular was uni ted 
with t he supraocular. The ventrals were admittedly 
high, even al lowing for any difference in the met hod of 
counting. They range in d'o from 1 56- 1 76 ( mean 1 63 . 8 )  
a n d  i n  � �  1 73- 1 78 ( mean 1 75) .  T h e  head markings 
however, match those oft  he B i r  Oum A l i  specimen and 
two from Lybia so closely ( compare L anza and 
B ruzzone, Fig. 2, A ,  B, and C with Fig. 3, d ,  c and b 
respect ively)  as to argue for the  assignment of the 
Lampedusa populat ion to M. c. cucu/latus. 

It  wou ld seem from the foregoi ng that  the val idi ty of 
M. c. brevis is upheld while the nominate race s .  lat . is 
divisible into two subspecies, M. c. mauri1anicus and 
M. c. cucullatus each producing t heir is land isolates in 
the Balearics and Lampedusa respect ively.  The author 
shares the opin ion expressed by Bons supra cit . that t he 
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specimens from Rio de Oro and the H oggar represent 
relict populat ions of a formerly much wider 
distribution before the Sahara became desert ified. 

Some intergrading between the character state 
combinat ions would not be unexpected. The only 
example seen from any of the  crit ical areas of range 
contact was a specimen of M. c. mauritanicus from 
Batna,  BM 1 920 . 1 .20. 1 08 in which t he 'V' mark 
fai led to curl round t he 8th supralabial on t he left while 
it  only just did so on the right . A l though the nuchal  
coll ar was d ivided as i n  head pattern state I I  the  lateral 
portions were reduced in size. The right pale collar was 
bisected by a t hin shaft issuing from the back ward 
extension of the  'V' mark . This approach to head 
pattern states C and I I I  would be consistent with the 
intergrading of habitats. A ccording to Leviton and 
A nderson ( 1 970) the Batna region is a grassy pla in ,  
t hough sufficient ly  arid as t o  be suitable for such xeric 
species as Lytorhynchus diadema. 

H ABITS 
I nformation on t h e  habits of Macroprotodon is 

relat ively scarce. A lmeida and A l meida summarise the 
feeding habits of  the species in  I beria and M orocco. 
They state t hat other authors (Sal vador, 1 974, A rnold 
and Burton, 1 978 ,  etc.) give smal l  lacertids and geckos 
as the principle prey. W h ilst  recording t he slow worm 
(Anguis) as an  item of prey in one of the North  
Portuguese individuals t hey stress the dependence of  
M. cucullatus largely on amphisbaeneans on account 
of their sharing nocturnal and crepuscu lar habits .  

The finding of A canthodac1ylus ery1hurus and 
Psammodromus algirus in  the stomachs of t wo 
M oroccan examples and a % - grown Lacer ta pa1er i n  
a specimen from Ain  Draham m a y  indicate tha t  
Macroprotodon i s  crepuscular and  noc turnal .  A l l  t h ree 
l izards are active d iurnal species the last na med being a 
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Fig. 6 Distribution of the subspecies of Macropro1odon cucu/la1us. 
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powerfu l animal  a n d  wou ld  b e  un l i k ely  to  b e  overcome 
in i ts  fu l l  dayt ime v igour even if t h e  snake  used i t s  
venom.  

R asmussen ( I  985)  d iscovered a p u re cone  ret ina  i n  a 
specimen from West  M orocco. Th i s  i nd ica tes t h a t  
M. c. brevis m a y  be a t  least part ia l ly  or occas iona l ly 
d iurnal  t h ere.  

Of  t hose k ept  i n  capt iv i ty  the B a lear ic  ind ividuals  
were fou n d  t o  be the least  secret ive oft en act ive in  
broad dayl ight .  l ndiv idua ls  of M. c. brevis from 
Southern Spain and especia l ly  M. c. cuculla1us from 
Lybia normal ly remained in b idd ing  dur ing t h e  day.  

Out of fou r  I ber ian ind iv idua l s  t h ree read i ly 
accepted Lacerra vivipara and of t hese one would  eat 
s low worms.  The Fourt h could not be induced to feed 
- poss i bly  due to a dependence on Blanus. 

A lt hough mammals  are not as a ru l e  inc lu ded in t h e  
l ist  of food i tems t here i s  a t  least one ment ion - t hat  of 
D umer i l  and B ibron ( 1 854 ) in wh ich s m a l l  rodents 
head the l i st . Wh i l s t  none of  t he I ber ian specimens 
cou l d  be ind uced vol u n t a ri ly to accept  smal l  mice  n ine  
out  of t we lve B a lear ic  a d u l t s  d id  so read i ly .  Jn  add i t ion 
to mice  al l  the  B a lear ic  speci mens accepted lacert id 
l izards: t wo,  h owever hawed s u dden cann iba l i st ic  
t endencies - one indiv idua l act u a l l y  su cceeded in  
swal lowing i t s  tank mat e .  

Three  out  of four  specimens of M. c. cucu//a1us s .  s t  r .  
from Lyb ia ,  read i ly  accepted  mice  wh ereas t h e  four th  
from t he E l  Aghe i l a  du nes cou ld on ly  be  i nduced t o  
e a t  Hemidacty!us 1urcicus having refused,  in  add i t ion 
t o  mice ,  Lacer/a vivipara, Mesalina gunulata and 
Sphenops sepsoides. 
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S H O R T  NOTE: 

ON TH E TY PE L O CA L I TY O F  CH THONERPE TON C ORR UGA TUM TA Y L O R  
( A M P HI B I A :  G Y M N O P H I O N A )  

M A R K  W t I . K INSON A N D  R ON A LD A .  N USSBA U M  

Dept o f  /liolog1 ·  and M11.1rum of Zoolog1'. University of Michigan. Ann A rbor. M l  48109, U S. A .  

( A rcepted 24. I 1 . 86) 

Chthonerpewn corruga/11111 Tay lor  is k n own on ly  
lrom the  ho lot ype,  No .  A00265 i n  t h e  Zoologische 
M useu m ,  H am b u rg, a nd the para type ,  a speci men 
wi thout  data  i n  t h e  Academy of  Nat u ra l  Sc iences of 
Ph i lade lph ia  (No. 1 3948 ) .  When Tay lor  described 
C. corrugarum, he suggest ed t hat t h e  type loca l i ty  was 
erroneous  (Taylor 1 968 :289-292) .  Two labels a re 
associated wi th  the ho lotype, one,  i n  the specimen jar,  
i nd ica ted ' K amerun ' ,  a second,  at tached t o  the  
specimen ind icated 'Tedda b .  M e k k a ' .  

On a map o f  Africa dated 1 9 1 2 , Tay lor lound  a 
territory marked ' Teda'  i n  what  is now Chad,  a l most 
d i rect ly  west of M ecca,  but  h e  cons idered t h i s  
i n terpreta t ion  t o  be u n l i k e l y  beca use a l l  other species 
of Chthonerpe1011 are known only from S o u t h  
A merica . N o  genus of ca ec i l ians  is k nown w i th  
certa in ty  from both  land masses. 

Recent e x a m i nat ion by us of another  caeci J ian from 
t h e  H a m burg M useu m ,  No.  A00252 ,  proved i l l u mi­
na t i ng .  I t  is  c l ear ly  a specim e n  of Herpele squa!ostoma 
(S tu t chbury ) ,  a species k nown to occur widely i n  
Equator ia l  W e s t  Afr ica,  i n c l ud ing  Cameroon.  T h e  

l o c a l i t y  da ta accompa nying t h is spec imen is Brazi l .  I t  
a l so seems most u n l i k ely  t hat  Herpele squa/ostoma 
occu rs in Sou th  A mer ica .  

The records of the  Zoologische M useum reveal  an  
i n t eres t ing h is tory lor t h e  speci men of Herpele 
squa!os10111a .  The origi n a l  determ ina t ion  is recorded as 
Chthonerpeton indistinctum ( R ei n hardt and L ii t ken) .  
Dunn ( 1 942 )  e x a mi ned the  an ima l  and erro neously 
iden t i fied i t  as  Caecilia tenwculata L i n naeus .  He a lso 
erroneously ident i fied t h e  h ol otype of Ch1honerpe1011 
corrugatum as a species of Bdel!ophis 
( = Scolecomorphus) , a n  A fr ican genus,  probably 
being m i s l ead i n  both ins tances by the loca l i ty  data . 
D u n n  ( 1 942 )  w ro n g l y  d escri bed the  ra nge of 
Caecilia tentacu!ata as i n c l u d i ng B razi l  based on h is  
m i sidenti fi cat ion .  

One i n t erpre ta t ion  of t hese facts  is tha t  t h e  loca l i ty 
da ta  associa ted wi th  these t wo specimens were 
sw i tched a fter  t h e  orig ina l  determ ina t ion  of the  
B razi l i a n  specim e n  as Chthonerpeton indislinctum and 
before D u n n  ( 1 942 )  mis taken ly determined t he t h en 
erro neous ly  l abe l l ed  Herpele squalostoma as 
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Caecilia tentaculata. Sometime before Dunn's exami­
nation, the two specimens probabl y  found their way 
into each others conta iners. The tag attached to the 
holotype of Chthonerpeton corrugatum remains 
anomolous, and there seems no way to be sure when it  
was attached or to what it refers. We have searched for 
a 'Tedda b. Mekka'  in B razil and other South American 
countries without success. 

If this scenario is correct then two anomolous 
d istribution records are explained and a type loca l i ty ,  
Brazi l ,  can be assigned to Chthonerpeton corrugatum. 

H E RPETOLOG ICAL JOURNAL, Vol .  I ,  pp. 246-247 ( 1 988) 
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SHORT NOTE: 

ALLOM ET R Y  IN TESTUD O  S ULCATA: A R EA PPR A I S A L  

R .  M EEK 1 AND R .  A .  A V E R Y2 

18 Mou111/ield Road. Wa1erloo. Huddersfield. U K. :  1 Depanme111 of Zoology, University of Bris1ol. U. K. 

(A ccep1ed 20. 1 .87) 

INTRODU CTION 

In a recent pa per p u b l i shed in t h i s J ou rna l . 
Mahmoud , Naiem and H a mad ( 1 986) described the 
re la t ionsh ip between selected shel l  d imensions and 
body mass in the  desert  t ortoise ,  Testudo su/cata from 
Sudan.  A ft er t ra nsform i ng t he i r  data into logari thmic 
form they presented t he i r  resu l t s  for t h e  relationship 
between cara pace lengt h  and body mass as model 1 
allometric equations of the for m ,  

y = axb 
where ca rapace lengt h y is related to body mass x by 
the intercept a and exponent b (b describes the  s lope of 
the log t ransformed data) .  Their analysis for two 
groups of captive T. sulcata produced exponents of 
0.8 1 and l .66. In addit ion,  they quantified a set of 
measurements of carapace length and body mass given 
by C loudsley-Thompson ( 1 970) for T. sulcata and 
calculated an exponent of 0 .9 1 .  Their equations for 
T. su/cata are thus significantly different from those 
previously described in the  l i terature for this type of 
information (e.g. Meek , 1 982;  I verson ,  1 984); indeed 
the differences are of such a magnitude that they 
prompted us to re-examine Cloudsley-Thompson's 
( 1 970) data. 

M ETHOD 

M odel I a l lom et ric equations were obta ined from 
the data by least squares regression after t rans­
formation to logarit h m ic form (Bai ley,  1 98 1 ) . As in 
Mahmoud e1 al. ( 1 986)  carapace length has been 
treated as the dependent variable y and body mass the 
i ndependent var iab le  x. M ode l  2 regression would be a 
more appropriate analysis for th is data since body 

mass may be subjec t to error (Sokal  & R o h l f, 1 98 1 )  bu t 
the  c o rrelation coefficients  (r) for t he  data  are high and 
t h u s  there would be no d i fference in  t he exponents 
be1  ween the  two methods ( A l exander ,  Jayes ,  Maloiy & 
Wat h ut a ,  1 979) .  The !-d i s t r ibu t ion  has  been used t o  
ca lcu la te  9 5  per  c e n t  confidence in te rva ls fo r  t he 
exponents ( Bailey, 1 98 1  ) . 

R ESULTS A N D  D I SC U S S J O N  

Fig. 1 sh ows the measurements of  cara pace lengt h 
( m m )  and body mass (g) from Table I of Cloudsley­
Thompson's ( 1 970) paper plotted on logari thmic 
coordinates, with an additional data point taken from 
a j uvenile T. su/cata mentioned on page 1 9  of his paper. 
The Jjne taken through the data is derived from the 
equation. 
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y = 1 3 .SX0.36±0.01 (r = 0.99, n = 8 )  [ I ]  
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Fig. I A graph on logarit h m ic coordina tes of body mass 
plotted against carapace length in  Testudo su/ca1a. The l ine 
taken through the data was calcu lated using equat ion [ l ]  
a s  shown. 
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However, M ahmoud et al. used only the data from 
Cloudsley-Thompson's Table 1 but  this  makes l i t t le 
d i fference between the equations giving 

y = 1 0.osxo.39±0.02 (r = 0 .99, n = 7 )  [2] 

M ahmoud et al. a na lysed t heir data in un its  of cm 
and kg but this makes no d ifference to  the va l u e  of b in 
the equations. Equat ion [ l ] is probably the more 
accurate description of the . rela t ionship since the 
measurement of the j uveni le considerably ex tends the 
range. 

As can be seen , these exponents are significantly 
different from the exponent of 0 .9 1 calculated by 
M a hmoud and his co-workers for the  C!oudsley­
Thompson data ; indeed they are in m uch better 
agreement with the 0 .33  required for geometric 
s imilarity and exponent of 0.34 for four species of 
chelonians given in M eek ( I  982) which implies a 
retention of shape as g rowth p roceeds . I t  would appear 
that Mahmoud e/ al. have commi t ted errors in 
calculat ion,  a t  l east for Cloudsley-Thompson's 
measurements since as can be clearly seen i n  Fig. I ,  an 
exponent  of0.36 is in  good agreement with Cloudsley­
Thompson's data.  Eq uation [ I ]  would therefore 
disagree with the conclusion of M ah moud a nd his 
co-workers that  ' the  exponents for T. sulca1a a re 
higher than the exponents given for other tort oises ' .  
A n  in teresting point concerns the s lope predicted by 
equation [ I ] . This would be in good agreement with the 
s lope of M a h mouds e/ a/'s. data in th eir Fig. 1 (at l ea s t  

H E R PETOLOG I C A L  J O U R N A L ,  Vol .  I ,  pp. 247-249 ( 1 988 )  

i n  comparison to  the  s lope for group B )  i f t he label l ing 
on their Figure was reversed - that is,  if the horizontal 
a x is was label led as  body mass and the  vertical axis as 
carapace length.  A further e rror i s  the incorrect 
plott ing of variables in Figs. 2a and 2b; s ince the 
variables on which the plots a re based are logarithmic 
(Tables I and 2) the  a rith metic plots in the  Fig's cannot 
give l inear relationships as drawn. 
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S H O R T  NOTE: 

CAPT I V E  R EP R O D U CTION OF K E M P' S  R I D LE Y  LEPIDO CHEL YS KEMP/ 

J A M ES R .  Wooo AND FERN E .  Wooo 

Cayman Tun le Farm ( 1 983) Ltd. , P. 0. Box 645, Grand Cayman, B W/. 

(A ccepred 4. 2. 87) 

A BSTRACT 

Captive mating, nesting and hatching of the 
critica l ly  endangered Kemp's ridley sea turt le ,  
Lepidochelys kempi has been achieved a mong a colony 
maintained at  Cayman Turtle Farm i n  the  Cayman 
Is lands .  The minimum age of sexual maturity was five 
years. Mat ing behaviour and nesting para meters a re 
d iscussed in rela tionship to the  captive green colony of 
t he Farm.  

I NTRODUCTION 

The single known aggregate nesting population of 
the endangered Kemp's ridley sea t urtl e  has decl ined in 

recent years despite extensive protection and moni­
toring efforts by international  organisations ( G room­
bridge, 1 982) .  Attempts to establish a n  additional 
population a re ongoing on Padre I s land off the Texas 
gulf coast ( Kl ima and McVey,  1 982) .  The mating, 
nesting and hatching in 1 984 of Kemp's ridleys held in 
captivity provided i ncreasing evidence that such a 
project could indeed p rove s uccessful ( Wood and 
Wood, 1 984).  Cayman Turtle Farm ( CTF) maintains a 
ea pt ive breeding population of green sea turtles,  
Chelonia mydas, ( Wood and Wood, 1 980) and has 
added to i ts  facilities a small group of Kemp's ridleys 
for the purpose of establishing a captive breeding 
colony. The l imited success of the 1 984 season has been 
fol lowed with nesting and h at ching in 1 986. 
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M ETHODS AND M ATER I A LS 

I n  J u l y  1 980, CTF received 96 yearl ing and 67 
ha tch l i ng K emp's r id leys .  The year l ings had been 
ra ised by the U . S .  National  M a ri n e  Fisheries 
Laboratory at Galveston,  Texas .  These t urt les had 
been ret urned to  the M e xican government and  then,  
a long w i th  the  67 hatchl ings from R ancho Nuevo, 
Mex ico,  t ransferred to  G rand  Cay m a n .  Only a few of 
the  ha tch l i ngs survived  the  transfer to Grand Cayman 
and a pprox imate ly half of the  yearl ings s urvived the  
fi rst year  a t  CTF. The  turt les received commercia l ly  
ava i l ab le  feeds and a t  t he present t ime a re main tained 
on a modified t ro u t  chow ( Ra lston Purina ) (Wood and 
Wood , 1 986).  

The current b reedi n g  herd consists of 30 seven year 
o lds ,  3 s i x  year olds and 4 fo u r year olds (prev ious ly  
he ld by  K ey West M un icipal  Aquari u m ,  K ey West ,  
F lor ida  w i th  perm i ss ion of the U . S .  Fish and  Wildl ife 
Service and the  N a t i o n a l  M a rine  Fisher ies Service) .  
The fema le  to male ra t io  i s  1 .2 :  I .  The turt l es a re held i n  
a fenced sect ion ,  9 x 2 3 m  w i t h  a n  a dj acent  beach 
9 x 1 1  m ,  of CTF's breed i ng pond ( Wood and Wood, 
1 980) .  The pond s lopes from the beach t o  a dept h of 
2 . 8 111 . Water  su rface  a rea  per t u rt l e  is 6m2 and wa te r  
turnover occurs every 2 hours .  

Dur ing nest i ng, eggs were col l e c t ed a s  la id  and 
incuba t ed i n  a tempera t u re contro l l ed  ha tchery i n  sand 
packed s tyrofoam boxes ( Wood and Wood, 1 979) .  
H a tch ery t empera t u re was ma i n t a i ned a t  28 . 0°C 
t h roughout incuba t ion .  

R ESU LTS A N D  DISCU S S I ON 

Age a nd s i ze da ta  a re s u m m a rised for t h e  nest i ng 
t u rt l e s  in Ta ble I .  Th i rty  per cent of t h e  fema les have 
begun nest ing by the  age of seven years a t  a s i ze 
previous ly  s uggested for sexua l  m a t ur i ty  ( Pr i tchard 
and M arquez,  1 973) .  For the c a pt ive green t u rt l e  
popu la t ion a t  CTF,  the  average age of sexua l  mat u ri ty  

is  1 3  years (unpublished data) .  One of the ridleys has 
nested more than  one season a t  an i nterval of 2 years .  
The Kemp's ridley popula t ion a t  Rancho  N u evo, 
Ta mau l ipas State,  Mexico, exhib i ts a one or  t wo year 
renest i ng cycle as opposed to other sea t url le species 
that typical ly  nest every three years ( M arquez et al. , 
1 982) .  The  nest ing cycle of CTF's ea pt i ve green colony 
a ve rages 1 . 6 years (Wood and Wood , 1 980). 

The mat i ng res u l t s  of 1 984 reported previously 
(Wood and Wood, 1 984 )  are  s u m marised t oget h er 
w i th  t h e  resu l t s  of t h e  1 98 6  season i n  Tab le  I .  Only two 
of the nes t ing  females  h a d  observed mating act iv i ty ,  
b u t  i n  each season t h ere was some observed mat ing 
bet ween t urt les whose  tags  cou Id  not be clear ly  
i dent ified .  In  1 984 ,  27 1 m i n utes  occurred between 
un ident ied  t u rt l es and in 1 986 ,  76 m i n utes .  In 1 98 5 ,  
o n l y  l i m it ed m a t ing  ac t iv i ty  was observed among the 
r id leys , to ta l l ing  427 m i n ut es of observed mount ing 
act iv i ty .  Beach act ivi t y i n  1 985 was l im i ted to crawls 
only for fou r  females and one ma le .  

Typica l l y ,  t h e  m a t i ng behav iour of the  K emp's  
r idley was chara cterised by a s ingle  ma le  pursu ing a 
fema le  or, i n  severa�  instances ,  purs u i ng another  male .  
The  aggressive male  would c i rc le  t he  o ther  t u rt l e  and 
act ively approach the  head .  For  t h e  green i u ri le ,  the  
female  con t i n u a l l y  c i rc les  and p resents  h e r  h ead t o  the  
ma le  as a refusa l  a c t i vi t y . The  aggress i ve r id ley ma le  
wou l d  con t i n u a l l y  b i t e  t he  neck  and shou lders of  t he 
non-aggressor. l f not res tr ic ted by s ize ,  t h e  ma le  would 
th en swing h is body around i n t o  t he ma t ing  pos i t ion 
wh i l e  b i t ing .  The mat ing  pos i t i on was t h e  same as  
o bserved for the green sea t ur t l e  wi th  the  c l aws of the 
male 's  foren ipper secured over the  a n t er ior  edge oft he  
carapace and the  ma le ' s  rear fl i pper secu red over  the  
poster ior edge of t h e  cara pace .  N o t i ceab ly  reduced i n  
t he  mat ing behav iour  of the  rid leys were a t tendant 
ma les or females dur ing the p u rsua l  and mat ing 
periods.  Refusa l  ac t iv i t ies  by the fe male  of c los ing t h e  
rear fl i ppers, s tay ing i n  sha l low waters ,  a n d  vert ica l ly  
posi t i on ing ro p revent mat ing were not  observed .  The 
r id ley popu la t ion beg ins  its l imi ted  observed act iv i ty  

Turt l e Age Weight CCL M a t i ng N est ing Eggs Laid Days to Eggs 
No .  ( yr) ( kg )  ( cm)  ( m i n ) Date Time No .  H a tch No.  % 

1 324 7 23 5 6  0 02. V.86 1 1 30 69 5 5  3 1  45  
1 8 . V .86 1 230 69 0 0 

1 33 5  7 24 5 6  0 1 0 . V . 86 0445 1 1  0 0 
1 8 . V.86 05 1 0  6 1  0 0 

1 3 36 5 24 5 3  0 1 0. V I .84 2325 7 0 0 
7 28 5 7  1 29 08 .V .86  2000 1 03 0 0 

1 349 7 27 5 6  0 1 8 . V .86 1 330 75 54 26 35 

1 3 5 3  7 27 56 1 39 05 . V.86 02 1 5  68 54 1 8  26 
1 8 . V .86 1 545 79 0 0 

1 3 59 5 20 48 0 05. V.84 0005 62 62 3 5 

TA B L E  I :  Breeding res u l t s  for K e m p's  r idley in capt iv i ty .  Curved carapace length is a bbrevia ted CCL; ma t i ng is defined as to ta l  
observed mount ing l a s t i ng five or  more m i n utes .  
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earlier in the season than the greens, consequential ly ,  
some activity may go unobserved as a continual  
24 hour watch is not begun on the breeding herd unti l  
the first of A pril . 

Table I summarises nesting activity for the six 
nesting Kemp's ridleys. Cl utch size for the captive 
ridleys, average 60 eggs, range 7- 1 03,  is considerabl y  
Jess than observed for wi ld  populations,  1 05 eggs 
( Marquez et al. , 1 982). Decreased egg production has 
been observed for neonates among the captive green 
population at CTF. Lo'w hatchabilit ies in the rid leys 
a lso para l lels observations made for the captive green 
population which has been primarily a ttributed to lack 
of mating ( Wood and Wood, 1 980). Of the non­
hatching eggs, 54 per cent showed no signs of 
development ,  28 per cent died early in development 
and 18 per cent died late in development.  

The Kemp's ridley's,  l ike the ol ive ridley 's, nesting 
behaviour is characterised by aggregate nesting known 
as 'arribadas' ,  in nesting areas where the n umber of 
nesting turtles is sufficient .  Of particular interest is the 
nesting of three ridleys on I 8 May, 1 986  within a period 
of three hours. Two of t hese, were repeat nesters for the 
season, wi th internesting interval s  of 16 and 13 days,  
suggesting a 'mini arribada' ,  considering the captive 
population size. Of the  I 0 nesting e mergences listed in 
Table I ,  4 occurred during daylight hou rs,  including 
the three nesting emergences of the 'mini arribada' .  

The Kemp's ridley exhibited unusual beach activity by 
occasional ly coming onto the beach and covering 
themselves with sand and seemingly s leeping for 
extended periods, up to eight hours, both during the 
day and night .  This behaviour was para l le led in  the 
water where the turt les would burrow into the coarse 
sand bottom of the breeding pond to the extent that 
t hey would become a lmost invisible .  

The short t ime period, as compared to  other  sea 
turt le species, for sexual maturity demonstrated for the 

Kemp's ridley and successful captive reproduction 
u nder conditions that can be met in other locations, 
offer avenues for recovery of this critica l ly  endangered 
species in addition to protection of wild populations. 
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BOOK REVIEWS: 

( I )  A tlas of Elapid Snakes of A ustralia. Edited by 
R ichard Longmore. Bureau of Flora and Fauna,  
A ustralian Flora and Fauna Series (Number 7) .  
Australian Government Printing Service, Canberra . 
1 986. ISBN 0 644 04887 5. Price $ 1 9.95 A ustral ian 

The domination of the snake fauna of A ustralia by 
e lapids (cobra relat i ves),  inc luding some of the  world's 
most lethal snakes, is extraordi nary. There are about 
77  species of Austra l ian' e lapid current ly  recognised, 
representing nearly 70 per cent of the country's land 
snake fauna and this  at las  makes a major contribution 
to the understanding of their distribution patterns. 

The book is  spira l-bound and 80 of its 1 1 5 pages are 
devoted to d istribution maps; 24 species are i l lus trated 
by colour photographs.  There is  relatively l i t t l e  tex t ;  
t h e  introduction b y  R ichard Longmore is fol lowed by 
articles by H enry Nix on biogra ph ic ana lysis of 
Austra l ian elapids while the biogeography of south­
eastern and northwestern Austra l ia  is  covered by 
Harold Cogger and Jeanette Covacevich.  

Nix's  article describes the  pioneering B J O C L I M  
computer package which categorises the  c l imat ic 
regions in Austra l ia and examines the match between 
actual and predicted elapid distributions on the basis 
of bioclimate. As Nix observes, this i s  'the first major 
application of this new technology'; he acknowledges 
that many other factors, besides cl imate,  i nfl uence 
distributions and further development of the system 
plans to take more environmental  indicators into 
account.  Nevertheless, perusal of the maps shows a 
most i mp ressive match bet ween actual  records 
(depicted by red asterisks)  and predicted distributions 
(shown by black symbols) .  The short , but masterly, 
essays by Cogger and Covacevich explore some of the 
historical factors which shaped some of the  distribution 
patterns.  The book would have been st i l l  further 
enhanced by similar essays on the other parts of 
Austral ia,  especia l ly  the west. 

It is ,  in many respects, a praiseworthy book 
demonstrating the h igh priorit y  that t he A ustral ian 
Government Publishing Service has been giving to 
co-ordinat ing information on A ustra l ian  plants and 
animals .  The work also underlines the  crucial value  of 
museum collect ions as  a data-base for d is tribut ional  
studies (the 1 7 ,000 records in the  Atlas  are based on 
specimens held by 19 inst i tut ions).  Jn h i s  i ntroduction,  
Longmore expresses the  h ope that  the  maps might 
'st imu_late keen active herpetologists into the fie ld to 
corroborate BIOCL J M  predictions. If  we can val idate  
even one unexpected but  predicted s i te  then i t  has been 
worth the effort ' .  There can be l i t t le  doubt tha t ,  in  
future years, h is  hope wil l  be ful fi l l ed many t imes over. 

C. J. M cCarthy 

(2) Gekkony fauny SSR i soprede/nych stran (Geckos in 
fauna of the USSR and neighbouring countries). N .  N.  
Szczerba k and M.  L. Golubev ( 1 986) .  Naukova 
Dumka,  K iev, 23 1 pp . ,  98 figs. 

This monograph is the resu l t  of t h e  authors' 1 2  years 
invest igat ions of geckos l iving in the USSR and 
neighbouring countries . A systemat ic review, which is 
a part of this book, has been previously presented by 
the senior author during the 3rd Ordinary General  
Meeting of Societas Euro pea H erpetologica in  Prague,  
1 985 (Szczerba k ,  1 986). Apart from the  descript ion of 
53 species (and many subspecies) from 9 genera , the 
a uthors also present a short  h ist ory of t,lie 
invest igat ions of geckos in the USSR,  and d iscuss t.heir  
phylogeny and zoogeographical  re lat ionships .  The 
l i terature ci ted consists of 328 i tems.  In addi t ion,  t he 
book includes keys to the genera , subgenera , species 
and subspecies of geckos as well as maps of the i r  
distribut ion.  I nformat ion on the  particular species 
genera l ly has the  same scheme - the  la t in name, terra 
typica,  karyotype ( i f  k nown), synon ims ,  d iagnosis and 
descript ion, colour of l iv ing and preserved specimens,  
sexual dimorphism,  distribut ion,  24-hour and seasonal 
activity cycles, ecdysis, feeding, breeding, ethology and 
protect ion. Data concerning less k nown species a re 
most scanty.  The book is i l lustrated wit h black and 
white phot ographs of morphological details of geckos 
and of the ir  biotopes, a l though t heir  qual i ty is rather 
poor. The same goes for 24 colours photographs which 
are technical ly  even worse. Nevert heless,  the vast 
spectrum of informat ion about l i t t le  s tudied and rare 
or endangered species makes the  book especial ly  
va l uable. Some controversies arise a round the  new 
generic name Tenuidactylus, which according t o  
Bohine should b e  rather considered as a subgenus of 
Cynopodion, however, for students of gek k onid l izards 
the  i nformation on the biology of species l iving in the  
USSR will be  probably more important than  possible 
i naccuracies in nomencla ture. The book should be 
recommended to every herpetologist in terested in 
l izards and therefore its rather short edit ion of 1 ,200 
copies wil l  presumably make it  difficult to obtain. 

Piot r Sura 

(3 )  Ecology and Natural History of Deserl Lizards. Eric 
R. Pianka ( 1 986), x i  + 208pp. Princeton, New Jersey: 
Princeton University Press. £32.30 (cloth); £ 1 4 .20 (pbk ). 

Jn  these draconian economic t imes t here are few 
herpetologists who can justify carrying out  research 
simply beca use the ir  subject of study is  i ntrinsical ly 
in teresting. I n  order to obtain fu nds for research, the  
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r e p t i les or a m p h ib i a ns of i nt erest  m u st e i t h e r  be of  
s o m e  econ o m i c  or  environmenta l  i m port a n c e ,  or  be  
able  t o  s h ed l ight  on problems o f  m uc h  w i d e r  
b i ologica l  s i g n i ficance.  Beca u s e  o n l y  a s m a l l  pro­
port ion o f h erpetofa u na fal l s  i n t o  one or o t h er of  t h ese 
c a tegories,  herpetologica l  ecologists  a re oft e n  t e rn p t e d  
t o  work o n  m ore ' re l eva n t '  orga n is m s  w h i c h  a re m o re 
l i k ely t o  a t t ra c t  a n  a ppro p r i a t e  sponsor .  A s  t h i s  b o o k  
d e m onst ra t e s ,  however ,  t h e  s t u d y  of  l i za rd ecology i s  
o n e  of herpetol ogy's s u ccess s t or i e s .  The s t u d y  o f  
l i zards h a s  b e e n  at  t h e forefro nt  of  ecol ogy a n d  h a s  
broadened o ur u n d e rs t a n d i ng of  how co m m u n i t i es a re 
organ ised and how t h e i r  de l ica t e  ba la nce i s  so e a s i l y  
pert u rbed . 

T h i s  book i s  a s y n t h e s i s  of Eric  P i a n k a ' s  research 
bet ween 1 962 and 1 9 79 on t h ree i nd e p e n d e n t l y­
evolved l i za rd systems i n  t h e  desert s o f  N o r t h  A m erica , 
S o u t h  A frica a n d  A u s t ra l i a .  W i t h up t o  42 species ,  t h e  
G re a t  Victo ria  Desert o f  A us t r a l i a  su pport s t h e  most  
d i ve rse l i za rd comm u n i t y  on eart h .  T h e  K a l a h a ri i n  
S o u t h  A frica h o l d s  a bo u t  h a l f  a s  m a n y  spec ies ,  w h i l s t  
t h e  deserts of the  Nort h A m erican so u t h west  a re the  
most i mpover ished a t  bet ween 6 a n d  I l spec ies .  Pia n k a  
s e t  o u t  t o  compare t hese t h ree desert sys t e m s  w i t h  a 
v i e w  t o  el uc ida t i n g  t h e  s t ru cture of t h e  Ii za rd 
com m un i t ies  t h ey cont a i n e d .  

A fter  a gene ra l overview in  w h i c h  t h e  s t u d y  s i t e s  a nd 
m e t h ods a re descri bed , Pia n k a  d i scusses t h e  re l a t ion­
s h i ps between c l i m a t e ,  prod uct i vi t y  and l i za rd 
d i versi t y .  The prod u c t i v i t y  of deserts  is d e p e n d e n t  
u pon ra i n fa l l .  a n d  Pia n k a  shows how t h e n u m ber o f  
l i za r d  species is  rel a t ed t o  t h e  va r i a b i l i t y  i n  ra i n fa l l .  
T h i s  e m p h a s ises t h e  rol e  o f  e n v i ro n m e n t a l  var ia b i l i t y  
i n  p ro m ot i ng species d i vers i t y .  T h e  n e x t  t h re e  c h a p t e rs 
of t h e  book compa re m i c ro h a b i t a t  se l ect i o n ,  t h erm a l  
rela t i o ns ,  act i v i t y  pa t t erns ,  fora g i n g  a n d  reprod u c t i ve 
t ac t i cs in t h e  t h ree desert  sys t e m s .  C h a p ter 6, e n t i t l e d  
' N a t u ral  H i s t ory M i sce l  la  nea ' i s  a p o t - p o u r r i  of l i za rd 
fa c t s  a n d  fi g u re s ,  in w h i c h  P ia n k a  d i sc u sses t h e 
fu n c t i o n  of l i za rd t a i l s ,  m i m i c ry ,  l i za rd b u rr o ws ,  a n d  
fol l owing t h e  s poor of A u stra l i a n  v a  ra n i d s .  S u bseq uent  
c h a p t ers dea l w i t h  c o m m u n i ty s t ruct ur e  and i n t ro d uce 
t h e  reader to  t he n ic h e  concept and how it  can be 
a p p l i e d  to fie l d  d a t a .  H o w d o  l iza rd c o m m u n i t i es 
c h a n ge over t i me? P i a n k a  a d d ressed t h i s  q u est i on by 
revi s i t i ng a s t u d y  s i t e  i n  A us t ra l i a  J O  years a ft e r  h i s  
i n i t i a l  s t u d y  t h ere.  Some species i ncreased i n  
a b u n d a nce over t h i s  period b y  a fa c t o r  o f  3 o r  more,  
whi le  ot h ers d isp layed a decrease of  s i m i l a r  m a g n i t u d e .  
These changes a re a t t r i b u ted t o  c h a n ges i n  food 
s u pp l y .  Fire m a y  a l so be i m port a n t  in m a i n t a i n i ng 
d ivers i t y ,  a n d  P i a n k a  spec u l a tes a bo u t  t h e  poss i b i l i t y  
of  fire occurr ing on a cyc l i c  b a s i s  a n d  t h e reby 
con t ro l l i ng com m u n i ty s uccessio n .  Jn  the p e n u l t i m a t e  
c h ap ter t h e  a u t hor d i scusses how m o r p h o l ogica l 
measurements  may be used to m a k e  i n fere nces a b o u t  
l i zard ecol ogy . 

This  book is pr imar i ly  a scient i fi c  t re a i i s e ,  a n d  
a n alysed fie ld  d a t a  i s  l i bera l l y  pres e n t e d  i n  t h e  form o f  
t a bl e s  a n d  fig u res.  I n deed,  th ose w h o  a re s t a t i s t i c a l l y  
s q u e a m i s h  may fin d  i t  heavy g o i n g  a t  t i m e s .  Th ose w h o  
h a ve r e a d  P i a n k a 's sc ient i fi c  papers,  h o wever, w i l l  fi n d  
t h e  s t y l e  fa m i l i a r .  The b o o k  i n c l u d es  so m e  2 9  c o l o u r  

p h o t ogra p h s ,  a n d  l in e  d ra w i n gs of  l izards acco m p a n y  
each chapter  headin g .  

For t hose a l ready acqua i n te d  w i t h  P i a n k a 's work , 
t h e  book provides a cohesive s u m ma ry of h i s  fi n d i ngs 
and some new concl u s i ons  a re rea c h ed in t he l i g h t of  
rece n t  d a t a .  In  a ser ies  of  a p pe n d ices compris i ng a bo u t  
one q uarter  o f  t h e  boo k ,  t h e  a u t h or p rese n t s  h is 
e x te n sive  fie ld  d a t a  sets ,  so t h a t  other workers m a y  
h a ve t h e  oppor t u n it y  of  remi a l y s i n g  a n d  rei n terpre t i n g  
b i s  d a t a .  F o r  t he ecol ogy s t ud e n t  t h e  b o o k  p·rovi des a . 
fi rst-c lass i n t rod u c t i o n  t o  com m u n i t y  ecology a n d  t h e  
n i c h e  concep t .  T h e  b o o k  t a k es t h e  i n t ro d u c t i o n  of 
t h ese t o pics fu r t h e r  t h a n  m os t  general eco l ogy tex t s ,  
a n d  i t s  s t rength  l i e s  i n  h o w  i t  d e m o n s t ra t es t h e  
a pp l i c a t i o n  of ecol ogi c a l  concepts t o  ecological  d a t a .  

I t  i s  c l e a r  from t h i s  b o o k  t h a t  t he orga n i sa t i on o f  
d esert l i za rd com m u n i t i e s  i s  h i g h ly cdrnplex . There a re 
s i m i la r i t ies between t h e  t h ree sys t e m s  P i a n k a  h a s  
s t u d i e d ,  b u t  e q u a l l y ,  t h ere a re d i ffere nces.  A s  i n  a n y  
l o ng-term s t u d y  of  t h i s  sort , a nsweri n g  one q ue s t i o n  
i n va r i a b l y  ra i ses severa l m o re .  I t  i s  t h erefore d i ffi c u l t  
t o  s u m m a rise Pi a n k a ' s  c o n c l u s i o ns,  a fa ct  t h e  a u t h o r  
a c k n o wledges i n  t h e  fi n a l  c h a p t e r ,  i n  wh i c h  he m uses , 
' Pe r h a ps a l l  symphon ies a re doomed t o  rema i n  
u n fi n ished ' ' ·  

R .  A .  G r i ffi t h s  

(4 ) Rep1iles de/ Centro, Cen1ro-Oes1e y sur de la 
A rgen1ina Herpe1ofauna de fas Zonas A ridas y 
Semiaridas .  J .  M .  Cei  ( 1 9 8 6 ) .  528 p p . ,  i 1 4  figs .  Price 
90,000 I t a l i a n  l ira .  

R e p t i l e  fa u n a  from t h e  geogra p h i c  a rea below t he 
2 7 t h p a r a l l e l  i n  A rge n t i n a  i s  descr ibed i n  t h is boo k . 
Two d i ffere nt  parts  a re i nc l u d e d .  I n  t h e  fi rst 
i n t ro d u ctory part , genera l  cons i dera t i o n s  on rep t i l es 
a re g i v e n .  F i r s t l y  a descr i p t i on of t h e  a rea to w h i c h  t h e  
work re lates  i s  given a n d c o m m e n t s  on e x t a n t  s t u d i es 
o f  t h e  A rgen t i n e  h erpetofa u na a re p resen t e d .  The n e x t  
c h a p t e r  syn t h e t i ses,  i n  a s ucc i nct  w a y ,  t h e  or ig in  a n d  
evol u t i o n  of rept i le s ,  a n d  from t h i s  bas is  t he a u t h o r  
i n t rod uces c u rrent t a x o n o m i c a l  c lass ifi c a t i o n ,  
desc r i b i n g  t h e  m a i n  morphologica l  c h a ra c t eri s t i c s  a n d  
t he i r  d e t e rm i n i n g  i m port a n c e .  The n e x t  sect i o n  
c o n s i s t s  of a syn t h es i s  of general  b i o l ogy of rept i l es ,  
i n c l u d i ng t h e  s k e l e t a l ,  m u s c u l a r ,  c i rc u l a tory,  d i gest i v e ,  
e x cretory,  res p i ra tory a n d  n e rvous sys t e m s  a n d  
genera l  re m a r k s  o n  repro d uct i o n .  A s p e c i a l  i n t e res t  i s  
t h e  c h a p t e r  on non-morp h o l og i c a l  c h a ra c t ers used in  
c u rrent  t a xonomy,  in  w h i c h  m e t h od s  rel a t i ng to  
i m m un ologica l  a n d  cytoge n e t i c a l  techn i q u e s  a re 
descr ibed i n  det a i l ,  with  concrete e x a m ples on t he 
t a x o n o m y  of some A rgen t i n i a n  i g u a n i d s .  I n t eres t i ng 
com m e n t s  on t h e  b i ogeogra p h y  of rept i l es i n  t h e  a rea 
concl udes t h i s  part  of the b oo k .  

I n  genera l ,  t h i s f irst  part  seems to  h ave been 
e l a b ora t e d  as a n  o b l i g a t o ry i n t ro d u c t i o n ,  i n  w h i c h  
spec i a l  c a r e  i s  n ot observed . l t  c o n s i s t s  m a i n l y  of  
genera l re m a r k s ,  wi th  some a s pects  appear ing w i t h  
a b u n d a n t  a n d  compact i n for m a t i o n  wh e reas o t h e rs 
are p rese n t e d  i n  too s u m marised a way.  R egardi ng t he 
s t u dy a rea , a more d e t a i l e d  d escri p t i o n  is o m i t t e d ,  
t h o u g h  i t  c a n  b e  fou n d  i n  ' s u m m a ry a n d  con c l u s i on s ' ,  
a t  t h e  end of t h e  boo k .  
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The second part constitutes the main interest of the 
book. It is initiated by bilingual (Spanish and English) 
keys for the identification of species and genera. The 
use of the two languages may be a great aid for those 
who are not fl uent in the Spanish language, and are to 
use the book as an identification guide. References of 
the species in the key to the later descriptions of each 
one and to the plates are missed . For each genus, 
information on its taxonomical status is given, with 
remarks on the main characteristics contributing to it, 
such as morphology and biochemical properties and 
historical events concerning it. Maps are used to show 
the distribution of the species reported for each genus, 
frequently indicating also the area occupied outside 
the limits imposed for the study. In particular, for each 
species, synonims, identification, description, detailed 
comments on distribution and biological notes are 
included, and a great deal of information is given, at 

least for those species for which it is available. The 
precise description of the species is accompanied by 
colour photographs for most of them (of 1 37 species, 
subspecies or forms considered, only 27 do not have 
illustrations). However, difficulties are produced by the 
fact that the plates are sometimes presented in a 
different order from the species in the text and by the 
lack of reference numbers relating them. 

Concluding, the large amount of information 
provided on the species ma kes the book highly 
recommended for all those interested in the study of 
South America n herpetofauna. The use of Spanish 
language is suitable, since the book may have a great 
readership a mong South A merica n, and especially 
A rgentinian, herpetologists. A better editing in  order 
to reduce the great number of mistakes in the text 
would have been greatly profitable. 

C. Diaz-Paniagua 
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